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By-Laws 


of the 


Chemical Section 


of the 


Franklin Institute. 


I. In accordance with article xi, section 4, of the by- 
laws of the institute, only members of the institute may 
be elected to membership in the section; but sections are 
empowered to appoint associates, corresponding members 
and honorary members, provided that such appointments are 
sanctioned by the board of managers. Associates shall 
have the privilege of attending the meetings of the section 
and of participating in its scientific discussions, but shall 
not be entitled to vote. They shall be required to pay an 
annual assessment of two dollars ($2), payable in accord- 
ance with article iii. 


II. The committee on admissions shall consist of seven 
members. ‘They shall be elected annually. Four members 
shall constitute a quorum at all meetings of this committee. 
The adverse vote of two members shall be a rejection of a 
candidate. Applications for admission to the section shall 
be in writing and signed by one member of the section. 
They shall be referred to this committee, after having been 
read before the section at a stated mieeting. It shall be the 
duty of the committee, after careful consideration of the 
fitness of candidates, to vote on each name separately by bal- | 
lot. This proceeding shall be secret and confidential. The 
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committee shall send to the secretary of the section the 
- names and addresses of the candidates elected. The com- 
mittee shall have power to make its own rules of procedure. 


III. Every member shall pay an initiation fee of one 
dollar ($1), and an annual contribution of two dollars ($2) 
in advance; but those elected to membership after October 
Ist shall pay no yearly dues for that year. 


IV. Candidates elected to the section shall become 
members on payment of the initiation fee. If this feeis 
not paid within six months, the candidate’s election shall 
be considered void. If the annual dues are not paid fora 
period of two years, due notice shall be given the member, 
and his name.shall be stricken from the list. 


V. The chemical apparatus, chemicals and other prepara- 
tions belonging to the section, shall be under the care of 
the conservator, whose duty it shall be to see that they 
are kept in order and, if needed, readily accessible at the 
meetings of the section. He shall also attend to any minor 
repairs that may be necessary, and shall make an annual 
report to the section. 


VI. The apparatus, reagents, etc., shall not be removed 
from the Franklin Institute building without consent of 
the conservator. 


VII. A standing committee of two members shall be 
appointed yearly, who, with the secretary, shall be em- 
powered to transact all financial business of the section, 
outside of the matters embraced in the duty of the treasurer. 
They shall pass all bills and shall audit the treasurer’s 
account at the end of every year. 


VIII. The stated mettings of the section shall be held 
on the third Tuesday of each month, except during July 
and August. Special meetings may be called by the secre- 
tary, at any time, on application cf seven members. 
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IX. At the stated meeting in November, nominations 
shall be made, and at that in December, an election shall 
take place, for the following officers for the ensuing year: 


President, 

Two vice-presidents, 
Secretary, 
Treasurer, 
Conservator. 


The annual reports of the standing committees and offi- 
cers shall be read at the December meeting. 


X. The order of business for stated meetings shall be as 
follows: 


(1) Correction of minutes of previous meeting. 

(2) Nominations for membership. 

(3) Report of committee on admissions. 

(4) Reports of officers and correspondence. 

(5) Reports of standing committees. _ . 
(6) Reports of special committees. | 

(7) Deferred business. 

(8) New business. 

(9) Communications and discussions. 


XI. A quorum for the transaction of business shall con- 
sist of seven members. 


XII. These by-laws may be temporarily suspended at 
any meeting of the section by unanimous consent of the 
members present. Amendments of a more permanent 
character may be made at any stated meeting by a vote of — 
two-thirds of the members present; provided, that such 
amendments shall have been presented in writing and read 

before the section at a previous stated meeting. 
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(Stated Meeting, held at the INSTITUTE, Tuesday, Jan. 21, 15go.| 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, January 21, 1890. 


Mr. T. C. PALMER, President, in the Chair. 


__,Members present: Dr. L. B. Hall, Prof. E. F. Smith, Mr. Lee K. Frankel, 
Mr. W. W. Macfarlane, Mr. PhilipS. Clarkson, Prof. E. H. Keiser, Dr. H. W. 
Jayne, Mr. A. W. Allen, Prof. N. Wiley Thomas, Mr. A. W. Whitney, Mr. 
L. J. Matos, Mr. G. L Norris, Dr. L. I. Morris, Mr. W. H. Bower, Mr. L. E. 
Williams, Mr. A. T. Eastwick, Mr. J. H. Eastwick, Mr. Reuben Haines, Dr. 
Wm. C. Day, and two visitors. 
The President called the attention of the Section to by Law II, cubis 
to the election of a Committee on Admissions. 
On motion, it was voted that the present Sernmiieee on Admissions be 
_continued for the current year. | 
__ The President then. appointed Moeisirle: Me Ps Phsbwick and L. J. Matos 
members of the Finance Committee for the ensuing year, as required by tte - 
Law VII... | 
The Treasurer reported that the subscriptions for the journals taken by 
the Section had been arranged for, and that the cost was somewhat less for © 
the present than for the past year. . 
The resignation of Mr. Jacob Lychenheim was ieee and accepted by 
vote of the Section. 
Messrs. W. W. Macfarlane and Philip S. Clarkson presented a paper 
on ‘The Action of Chlorine or Hematoxylin and the Extractive Matter of 
Logwood.’’ It was referred for publication in the JOURNAL OF THE INSTI- 
TUTE, and inthe American Chemical Journal. . 
A discussion of the paper By the President and the puke of the paper 
followed. 3 | 
Mr. Lee K. Frankel exhibited a specimen of crystallized silver deposited 
on a platinum dish by electrolysis from a solution of nitrate; the current 
employed was very weak. The specimen: was examined with pach interest 
by the members. . 
_Adjourned. Wm. C. Day, Secectsilp. 
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[Stated Meeting, held at the INSTITUTE, Tuesday, Feb. 18, 1890.] 


HALL. OF THE FRANKLIN INSTITUTE. 
PHILADELPHIA, February 18, 1890. 


Mr. T. C. PALMER, President, in the Chair. 


Members present: Profs. Sadtler, Smith, Trimble, Drs. Hooker, Keiser, 
Keller, Wahl, Messrs. Rowland, Macfarlane, Palmer, W. sie Bowers, Wil- 
liams, Frankel, Galt, Jayne and four visitors. 

Mr. Edw. K. Stevens, Forty-second and Locust Doiasns was nominated for 
membership. 

The resignation of H. N. Rikenbnune was thacspanie. and on motion 
accepted. 

Dr. E. H. Keiser presented a paper ‘On the Synthesis of rom Acid,” 
which was referred for publication in the JOURNAL. 

Prof. E. F. Smith presented a paper on the electrolytic method as 
applied to palladium. (Referred for publication.) After the reading of the 
paper Prof. Smith exhibited six platinum dishes, containing, respectively, 
depositions of palladium, silver, nickel, cadmium, mercury and iron, obtained 
by the electrolytic methods described by him in this and former papers. 

Dr Hooker spoke of the compound obtained from pyrrol by picric acid. 
On heating a mixture of equal molecules of the two at 58° to 60° until the 
picric acid is dissolved and cooling rapidly, long red needles crystallize out, 
which were rapidly dried by pressure between filter paper. If the mixture be 
heaied above 60° the compound is not obtained. The method of analysis 
employed consisted in exposing a weighed quantity to the air and weighing 
again. This was repeated until weight became constant. The loss repre- 
sented the pyrrol evaporated. The residue showed the melting-point of 
picric acid. Theory required 22°6 per cent. pyrrol for a compound of equal 
molecules of picric acid and pyrrol. Obtained 22°6, 22°7 and 22'9 per cent. 
loss. 

Dr. Keller then presented a paper on Symmetrical Tetrabromaiens 
which was referred for publication. 

At the conclusion of the meeting, the election of Mr. Edw. Stevens, asa 
member of the Section, was announced. 

The meeting then adjourned. H. W. JAYNE, Secretary pro tem, 
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ELECTROLYTIC SEPARATIONS. 


By EDGAR F. SMITH AND LEE K. FRANKEL. 


eee 


| Read atthe Stated Meeting of the Chemical Section, held December 17, 1889. 


The study of the electrolysis of the double cyanides of 
cadmium, copper and zinc, enabled us to formulate condi- 
tions, by which the separations of cadmium from zinc 
(American Chemical Journal, 11, 352,) and cadmium from 
copper (Journal of Analytical Chemistry, 3, 385,) were possi- 
ble, and in every particular satisfactory. 

The ease with which cadmium was separated from zinc, 
and the very close results obtained with these metals, led 
us to apply the method to the separation of cadmium from 
cobalt and from nickel. Operating first with cadmium 
alone, we dissolved sufficient pure sulphate in water,so that 
10 cc. of the solution would contain 0°1688 gram metallic cad- 
mium. To this volume (10 cc.) were added four and one-half 
grams pure potassium cyanide, and the solution made up to 
200 cc. with water. A current yielding 0-4 cc. O-H gas per 
minute, was allowed to act upon the same for a period of 
fourteen hours. The deposited metal weighed 0°1686 gram, 
a difference of —ov1i per cent. from the theoretical. A 
second trial, with conditions precisely analogous to those 
just mentioned, gave o'1690 gram cadmium, a difference of 
-+ oO'II per cent. from the theoretical. 


CADMIUM FROM COBALT. 


In the third experiment the conditions were the same 
as before, with this difference, that an equal amount of 
cobalt was also present in the solution. The result of the 
electrolysis was o'1689 gram cadmium, a difference of 
-+ 0°05 per cent. from the required, 
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The fourth experiment, similar in every way to the third 
yielded o'1689 gram cadmium, a difference of + 0°05 per 
cent. from the theoretical. ry. } 

The cadmium was fully deposited on both occasions, and 
contained no cobalt. 


CADMIUM FROM NICKEL. 
Passing to the separation of cadmium from nickel, the 


results were so surprising, that we give the same in detail; . 
although negative in character. 
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SESE One Ruesiare 


The period of time during which the current acted in 
each of the above experiments was sixteen hours. Nickel 
was always found in the cadmium deposit, while in many 
cases the precipitation of the cadmium was incomplete, 
The conditions were varied, yet the results were wholly 
unsatisfactory. By greatly increasing the quantity of cya- 
nide, we discovered that the cadmium precipitation was 
retarded. Nickel when alone, and when under the condi- 
tions given above, would not deposit with the strength of 
current used by us. This behavior is only another indica- 
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tion, that if we would make electrolytic methods widely 
applicable, it is first necessary to extend the study of the 
action of the current to all the salts possible, and to investi- 
gate carefully the influence of each metal upon its asso- 
ciates under varying conditions. 

From what we have thus far accomplished, we find the 
electrolytic separation of cadmium from copper, from zinc, 
and from cobalt, in cyanide solution, all that could. be 
expected from any method. The cadmium deposits, in the 
experiments recorded in this paper, were always washed 
with boiling water; the drying was done upon the edge of 
a warm iron plate. 

We have already called attention (American Chemical 
Journal, 11, 264,) to the fact that mercury is fully precipitated 
from the solution of its double cyanide by a comparatively 
feeble current, and that the separation of this metal from 
copper is possible, so long as the quantity of the latter does 
‘not exceed twenty per cent. of the mercury present. 

‘More recently we have executed a series of experiments 
looking to the separation of mercury from zinc, nickel and 
cobalt. 


MERCURY FROM ZINC. 


The results with these metals are: 
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The time in each deposition was sixteen hours. From 
these figures the separation is possible. Mercury was not 
found with the zinc. In the following experiments it will 
be observed that the error is much less, and accordingly 
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makes the method trustworthy, and from its accuracy, well- 
suited for scientific as well as technical work: : 
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The time of precipitation, made at the ordinary tempera- 
ture, amounted to sixteen hours. The mercury deposit was 
washed with hot water, and dried upon a moderately warm 
iron plate. | ce : 


MERCURY FROM NICKEL. 


With these two metals the current was allowed to act for 
sixteen hours. The results are as follows: 
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MERCURY FROM COBALT. 


Our experience with these two metals was so unexpected 
that we append the poor as well as the good results which 
were finally obtained : 
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The current acted for sixteen hours, upon reducing the 
quantity of cobalt, and operating with the conditions, in 
other respects, the same as before (except in 11 and 13), we 
obtained: | 
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Inspection of these figures discloses the fact that noth- 
ing approaching a separation of the two metals appears 
probable until in experiment (11), where not only the quan- 
tity of cobalt is reduced, but also that of the potassium cya- 
nide. The result is then surprisingly close (+’09 per cent.). 
This would seem to be due rather to the reduction of the 
quantity of cyanide, inasmuch as by its increase in experi- 
ment (12), we again have a minus error of 4’01 per cent. 
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and in experiment (13), by reducing the quantity of cyanide 
to three grams, the result is satisfactory. As the quantity 
of cobalt, in this instance, was but half of that in experi- 
ment (12), the favorable result might be attributed to this. 
Hence, the following trials were made: 
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Cobalt was not found in the mercury deposit, nor mer- 
cury in the cobalt solution. 

Evidently the quantity of cyanide present exercises a 
smarked influence upon the separation. Returning to the 
separation of cadmium from cobalt, it will be observed that 
the amount of cyanide present there, was four and a half 
grams, while the quantity of metal was less, yet the separa- 
tion proved satisfactory. 


SILVER FROM COPPER. 


% 


It yet remains for us to record some experiments upon 
the separation of these two metals in cyanide solution. 
Reference to a former paper (American Chemical Journal, il, 
264, and Journal of Analytical Chemistry, 3, 254,) will show 
that our attempts in this direction were at that. time fruit- 
less. It was after the successful separation of cadmium 
from copper in cyanide solution that we were impressed 
with the idea that the separation of silver from. copper. 
ought to occur, since silver deposits so readily, even when 
exposed to a very feeble current:. In the communication - 
to which we refer, the current strength recorded was 
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rece. O-H gas per. minute. Since it was, by carefully 
reducing this in other cases, that we obtained good sepa- 
rations, we instituted a new series of experiments with. 
silver and copper, acting upon the mixture with a much 
weaker current: 
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We next dissolved 01732 gram pure metallic silver in 
nitric acid. To its solution, after evaporation, there were 
added 100 per cent. copper and four and a half grams 
potassium cyanide. On electrolyzing, with a current of 
o'15 cc. O-H gas per minute, the resulting silver weighed 
01725 gram. ‘The latter contained no copper, nor could 
silver be detected in the copper solution. 

A silver ten-cent piece, weighing 1°2236 grams, was 
brought into solution and diluted to 100 cc. Of this solu- 
tion, two portions (25 cc. each) were electrolyzed in the 
presence of four and a half grams potassium cyanide, 
with a current of o-4 cc. O-H gas per minute. The silver 
found was in: : 

(a) 89°64 per cent. 
(0) 89°56 per cent. 


Two silver determinations made with another coin gave: 


(c) 89°44 per cent. 
(d2) 89°44 per cent. 
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A silver dime, weighing 2'4507 grams, carefully cleaned 
with sodium hydroxide and alcohol, after solution in nitric 


acid, and the expulsion of the excess of the latter, was — 


electrolyzed with a current of 0'7 cc. O-H gas per minute, 
in the presence of seven grams potassium cyanide, and 
gave 2'1996 grams silver = 89°79 per cent. 

So far as we are aware, this is the first electrolytic 
method, which has been proposed for the separation of these 
two metals. . 


SILVER FROM ZINC. 
’ 


No difficulty is experienced in separating these metals 
when in cyanide solution. Our results are as follows: 
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SILVER FROM COBALT. 


The following are the results obtained : 
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Recalling our experience in separating mercury from 
cobalt, we reduced the quantity of cyanide to three grams, 
and obtained: | 


| : 
= : | : 3 5 S 
us: : ee ee: Oo. ee é : " 
F co) >| xe) é 3 oS = 
. Gof o ‘ - Y aa | iE = v 
| Es & bo p Dy | oe 2 o 
a, & a. | S 3 a i=} BS} q 
s 2 hal | Sms | = ® 
be eae is eee 8 5 5 
o£ fsiiiny Sib Baw Tere z= = 
| 7) sei M = | <b, | onl nN Q 
| { 
eee s. oat cao 
| | me 
§ | 01788 / 100% 3 | goocc. | o°35 cc, | 16 | O'1704 | $+ 0°33% 
i | i : | 1 \ j 
“ i 77 se | 6 . | 3 
6. | i | ve bovopgiar )] y orga 
{ ‘ “ i { ? 


' From experiments made to learn the action of the current 
upon solutions of cobalt in the presence of a great excéss 
of potassium cyanide, we know that the higher cyanide of 
cobalt—-the cobalticyanide—is produced, and may it not be 
this, which in some manner combines with the last traces 
of mercury and silver to form double cyanides not decom- 
posable by the current strength employed in our experi- 
ments, which, if increased, would throw out not only the 
mercury and silver, but also some cobalt? 

With cadmium, the double compound, if formed, may be 
more readily broken up, hence the separation is easily made. 
By reducing the quantity of potassium cyanide with mer- 
cury and silver, we afford no opportunity for the production _ 
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of cobalticyanide in such quantity as to appreciably affect 
the deposition of the other metals. 


COPPER FROM CADMIUM IN THE PRESENCE OF SULPHURIC 
ACID. 


From the fact that it is possible to precipitate cadmium 
completely from the solution of its sulphate, containing free 
sulphuric acid (Smith, American Chemical Journal, 2 42), and 
as copper is also deposited under similar conditions, the 
separation of these metals, when in this form, would hardly 
be expected. The experiments given below, show that not- 
withstanding all this, their separation can be effected under 
the conditions indicated. The first results were negative: 

Ten cc. copper sulphate (011975 gram metallic copper, 
10 cc. cadmium sulphate (0'1828 gram metallic cadmium), 
1 ce. H,SO, (sp. gr. t'0og) with 150 cc. water were electro- 
lyzed with a current generating o°4 cc. O-H gas per minute. 
The copper was fully precipitated, and with it considerable 
cadmium. ; 

In a second series of three experiments, similar to that 
above, excepting that the current only gave 0°22 cc. O-H gas 
per minute, the copper was entirely precipitated, but carried 
down some cadmium with it. | 

In a third series of three experiments, the sulphuric ani 
in each dish was increased to 5 cc. (sp. gr. 1:09). The current 
gave o'22 cc. O-H gas per minute. The copper was not 
completely precipitated, and cadmium had deposited on the 
copper. | : 

The fourth series was made up as a Peete 

(1) 10 cc. copper sulphate = 0°1975 gram copper. 

10 cc. cadmium sulphate = 0°1828 gram cadmium. 

10 cc. H,SO, (sp. gr. 1°09.) : 

100 cc. water... Current = 0°3 cc. O-H gas per minute. 
Time, 12 hours. The copper SPhieH weighed o'1968 gram. 

(2) Same as (1), copper found == 0°1964 gram. 

(3) 10 ce. cadmium. sulphate — 01828 gram cadmium, 
5 cc. H,SO, (sp: gr. 1°09).. 100-ec. water. Current as in (1) 
and (2). Cadmium was not precipitated. 

In the fifth series of four experiments, a current genera- 
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ting o'5 cc. O-H gas per minute was employed. The quan- 
tity of acid was increased to 10 cc. and 15 cc. cadmium 
separated together with the copper. 
The sixth series included five experiments : 
(1) 10 cc. copper sulphate = 01975 gram copper. 
10 cc. cadmium sulphate = = 0°1828 gram cadmium. 
15 cc. H,SQO, (sp. gr. 1°09.) 
Baca. Water. Clrrent == 2 cc, O- H gas per minute. 
Copper found = o'1969 gram copper. : 
(2) Same as (1), gave 0'1976 gram copper. ; 
(3) Same as (1) and (2), except that the current generated 
03 cc. O-H gas per minute. Copper found = 01975 gram. 
| mapermients (4) and’.(5)° were like’ (3).°" Phe’ copper 
deposited equalled o-1969 gram and o° ce gram." Tabulat- 
ing ‘the results, we Hes ok 


Copper required. ~ “Copper found. - | -)' ‘Difference in %. 
Grn | , i hain: ke 071968 | —0°35 
2 . aes : le, 01964 Pr O'ss 
OB x | | | o1g6g Ae 40 
4 | 01976 : -- 0°05 
ica "1975 4 a 
6 | a Cattle | | — 0°30 
7 | eure | 0° 1962 | —0'65 


The filtrates from the deposited copper were examined 
for that metal. (7) showed a trace of copper. Cadmium 
was not detected in the precipitated metal. Holding strictly 
to the conditions given above, will enable any one to effect 
the separation of these two metals in the presence of sul- 
phuric acid. 
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Tur ACTION or CHLORINE on HASMATOXYLIN anv 
THE EXTRACTIVE MATTER or LOG WOOD. 


By Wm. W. MACFARLANE and PHILIP S. CLARKSON. 


[ Read at the Stated Meeting of the Section, January. 21, 1890. | 


It is well-known among dyers, who have had any expe- 
rience in extracting the coloring matter from logwood by 
boiling the wood under pressure in closed vessels, that a 
larger quantity of wood, when so treated, is required for 
dyeing a given quantity of material, than when the color- 
ing matter is extracted by boiling the wood in an open 
vessel, suchas a dye tub. It was the desire to discover the 
cause of this difference, and to.avoid the loss of coloring 
matter, that led to a long series of experiments, and the 
discovery that chlorine can be used to increase the dyeing 
power of the extractive matter of logwood, and also that 
hematoxylin and hematein have entirely different values 
f or the dyer, depending upon the manner in which they are 
used; that is, whether used for coloring wool ot cotton, and 
whether the dyeing is done in an acid, alkaline or neutral 
bath. ae : 

Logwood, before itis used by the dyer, is treated by a process 
called “curing,” which consists in saturating the chipped 
or ground wood with water, then allowing it to he in heaps 
or beds until a kind of fermentation or heating takes place. 
It is then necessary to move it frequently to avoid any con- 
siderable increase 1n temperature, and to expose all portions 
of it to the oxidizing influence of the air. Exactly what 
takes place in this curing process is not known, as the 
composition of the extractive matter of logwood has not 
been determined. It is known that the wood contains 
hematoxylin, and it is supposed that certain glucosides are 
present, which, during the process of curing, are broken up, 
yielding hematoxylin or hematein. Hzematein is produced 
during this process, as will be shown later. Wood which 
has been subjected to this treatment, although it contains 
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from ten to twenty-five per cent. more water, gives the dyer 
much better results, particularly on wool, than an equal 
weight of the wood in the condition it comes from the 
chipping or grinding machines. | : 

For a long time attempts have been made to develop, or 
increase the dyeing power of the extractive matter of 
logwood, either during the extraction process, or after 
the extractive matter had been obtained in an aqueous solu- 
tion. Most of the substances used for this purpose are 
oxidizing agents, and are used probably with the idea of 
converting haematoxylin into hematein. In 1885, C. E, 
Avery obtained a United States patent for the oxidizing of 
logwood liquors or extracts by the action of ‘oxidants such 
as. a solution of bleaching powder, hypochlorous acid, 
chloric acid, chlorates or nitrates of the alkalies and alkaline 
earths.” He further claims the use, for this purpose, of ‘“ oxid- 
izing substances, such as solutions of chlorates of potash, or 
lime, or nitrates of potash, soda, or lime, which, whilst mix- 
ing with the logwood liquor. at moderate temperatures, 
oxidize slowly or not at all, but on raising the temperature, 
particularly under pressure, or by the addition of acid or 
acid salts, become oxidizers of haematoxylin to hematein.” 
In the specification of this patent, the quantity of a chlorate 
or nitrate necessary to convert a given quantity of hema- 
toxylin is stated, but no directions are given as to the 
quantity of bleaching powder, or hypochlorous acid to be 
used to effect the desired result. The authors made many 
experiments, both following closely the specification of 
this patent, and with variation of the quantity of oxidants, 
and of the method of using them, but were not able to 
obtain any results which would pay for the labor and mate- 
rial used. In using a solution of bleaching powder for this 
purpose, it was assumed that the combined or available 
chlorine was the oxidizing agent intended to convert the 
hematoxylin to hematein, and although many experiments 
were tried the result was invariably a dull gray shade of 
black. : : 

In Wurtz’'s Dictionnaire de Chemte Gaol, i, pt. 1, p. 645,) it is 
stated that chlorine converts hematoxylin into a brown 
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amorphous mass. Erdmann (/our. fir Prak. Chemie, 26, 
202), Reim (Berichte der Deut. Chem. Gesell. 1871, p. 329,) and 
Dralle (Ber. der D. Chem. Gesell., 1884, p. 372), found that no 
definite and separate compounds. were formed by the action 
of chlorine on hematoxylin. Aftermany fruitless experi- 
‘ments, and when all probable means of producing the 
desired result had: been tried, it was determined to make 
some experiments, using free chlorine, added in the form of 
an aqueous solution, to the solution of the coloring matter. 
For this purpose a dilute aqueous solution ofthe extractive 
matter of cured wood was used. . The results were deter: 
mined by making dyeing tests in the mixed solutions with 
skeins of woollen yarn mordanted with potassium dichro- 
mate and potassium bitartrate. The results were surpris- 
ing, and showed that the depth of color increased with the 
amount of chlorine used, until a maximum quantity was 
reached, when any further increase in the quantity of 
chlorine produced a dull and gray shade. After further 
experiments, it was found that by using a 42° extract of 
logwood, which had undoubtedly been made from dry cut 
wood; that is, wood not subjected to the curing process, and 
chlorine equivalent to about nine per cent. of the weight of 
the extract, the dyeing power of the coloring matter was 
increased 150 per cent. : 3 

- Owing to the difficulties experienced: in mnaleiaieh and 
handling large quantities of chlorine water, it was found 
necessary to devise some other means of. treating. the 
extractive matter with the chlorine. Very good results 
_were obtained by circulating the solution of the extractive 
matter through any suitable vessel, so arranged as to expose 
as large a surface of the solution as possible, and into this 
vessel the chlorine gas was delivered from the generator. 
The quantity of chlorine used was regulated by the quantity 
of materials placed in the generator. Later, it was found that 
if, during the absorption of the chlorine, the temperature of 
the solution was maintained at about 80° C., less chlorine 
was required to produce the desired result than when the 
action took place at the ordinary temperature. 

It has been stated that by increasing the coloring power — 


Chem. Séc. ] Macfarlane and Clarkson. 17 


of the logwood by the use of oxidizing substances, the colors 
obtained are not fast on exposure to light and air. In prac- 
tice, however, it was found that a sample of worsted cloth 
dyed black on chromium mordant with logwood extract 
developed with chlorine, after an exposure of six weeks, had 
not undergone any more change in shade than a sample 
dyed with ordinary cured wood. 

In order to ascertain the exact chemical change which 
takes place in the hematoxylin in this process,a sample was 
obtained, manufactured by E. Moerk, and treated in the 
same manner asthe extract. First, to determine theamount 
of chlorine necessary to yield the greatest dyeing power, 
samples were treated with varying amounts of chlorine and 
dye tests made. It was found that the greatest develop- 
ment was obtained when the proportion of chlorine was 
four atoms to each molecule of hematoxylin, which is equal 
to forty-seven per cent. of the hematoxylin. This would 
indicate a more complex reaction than the conversion of 
hematoxylin to hematein, as that would require but two 
atoms of chlorine for each molecule of haematoxylin. 


PO ey ey a ee 


Avery, in his patent, calculates the amount of oxidizing 


agents necessary, on the basis of the simple reaction—— 


OF PO He Oa ee HO, 


This constitutes a marked difference in the two processes. 
A larger quantity of chlorine renders the shade dull and 
gray. | 

It is stated by various authorities, especially by Dralle 
(Berichte, 1884, Feb., p. 372), that no separable compounds 
are obtainable by the action of chlorine on haematoxylin 
and that hemateinis not formed in the reaction. Anattempt 
was made to determine the products of this action and a 
larger quantity of haematoxylin was treated with the pro- 
portional amount of chlorine, viz: four atoms of chlorine to 
each molecule of hematoxylin. The method used was to 
dissolve the hematoxylin in hot water, allow it to cool and 
then treat with chlorine water containing the calculated 

a 
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amount of chlorine gas. By repeated washing with ether, 
containing a small portion of alcohol, and distilling off the 
ether and drying, there was left a brownish, resinous mass, 
completely soluble in alcohol. By treatment of this residue 
with chloroform, a white crystalline substance was separated. 
This was soluble in ether, water, chloroform and acetic acid. 
However, this was not obtained in sufficient quantity to 
determine the composition or characteristics. By farther 
treatment of this residue with ether, two bodies were 
separated; one with a brownish, resinous appearance, the 
other with a bright greenish, metallic lustre. By saturation 
of the original solution with common salt, and again treat- 
ing with ether, more matter was extracted, but was found 
to consist mainly of brown, resinous matter. Since this 
method of saturating the solution with salt to separate the 
products of this reaction appears to have been used in 
former investigations, it is probably the cause of the state- 
ment that only resinous bodies, not admitting of purifica- 
tion, are the result of the action of chlorine on haématoxylin. 

By carefully distilling the ether from the washing of the 
solution, it is possible to separate most of the bronze sub- 
stance before the solution is completely evaporated. It 
then separates in shining scales, which are apparently not 
crystalline. These contain small amounts of the resinous 
matter. By washing with ether several times, it is possible 
to obtain a bright greenish bronze body, with a strong 
metallic lustre. This givesa red, almost approaching violet, 
powder. Although seemingly pure, it contains a trace of 
chlorine and has not been obtained sufficiently pure to 
warrant a determination of the composition by combustion. 
It is insoluble in cold water, somewhat more soluble in hot 
water, freely soluble in alcohol, almost insoluble in ether 
and chloroform. It has powerful dyeing properties, five per 
cent.on wool giving a blue black. ‘Therefore, in its physical 
characteristics and chemical properties, it is identical with 
hematein, and justifies the supposition that it is hamatein. 
It is hoped to obtain this in a state sufficiently pure to make 
a determination of the composition. 

The resinous substance is easily soluble in ether, alcohol 
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and water. It appears to bea chlorine substitution product 
of either hzematein or hematoxylin, as the amount of 
chlorine contained in mixtures of this and hematein is in 
proportion to the amount of this substance. It remains in 
the dye bath, after the haematein has been absorbed by the 
wool, and probably has no effect on the color produced. 
The difficulty in completely separating these bodies hes in 
the fact that hematein is soluble in solutions containing 
the resinous matter; therefore, it is very difficult to obtain 
one entirely free from the other. 

In order to have some standard of comparison with the 
coloring matter of logwood after curing, a well-bronzed 
sample of wood was treated with alcohol. To this solution, 
which was brownish-yellow, hydrochloric acid was added, 
and the whole distilled to a small volume. On cooling, 
there was an abundant separation of coloring matter which, 
after treatment with ether and alcohol, remained as a 
bronze powder. A combustion of this was made, which 


. gave— 

Erdmann found 
ee re EO BUA ES OS Fi 62°66 
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From this it is evident that this is the same as the hematein 
obtained by Erdmann by the oxidation of haematoxylin in 
the presence of ammonia. 

On making comparative dye tests of the coloring matter 
obtained by the action of chlorine on haematoxylin and this 
extracted from cured wood, the colors obtained were very 
similar in depth and shade; that of the hamatein from 
wood being slightly duller. Both were about double the 
color obtained with haematoxylin. With the latter it is 
very doubtful if any deeper shade than a very lght blue 
would be obtained if the air were entirely excluded from 
the bath; the shade constantly growing deeper in pro- 
portion to the time the dyeing is continued, while with 
hematein the bath is exhausted in a comparatively short 
time and no farther increase of color occurs, 
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In practical dyeing there are several methodsin use 
which are radically different; wool dyeing being carried 
out in a neutral or slightly acid bath at 100° C.; cotton dye- 
ing, commonly in a slightly alkaline solution, and what is — 
known as speck-dyeing, in a strongly alkaline solution con- 
taining caustic alkali at a temperature below 15° C. Speck- 
dye is used to color the cotton in mixed goods after the wool 
has been dyed; or to color the burrs and other vegetable 
substances which may have become mixed with the wool. 
The low temperature is employed to prevent the wool 
absorbing any color during the operation. From the differ- 
ing conditions, it was considered probable that varying 
results would be obtained from the use of the same coloring 
matter in each of these methods. In the experiment with 
wool, equal weights of woollen yarn were taken and mor- 
danted with three per cent. potassium dichromate and two 
per cent. of potassium bitartrate. These skeins were then 
dyed with five per cent. each of hematoxylin, hematein 
from cured wood and hematein obtained with chlorine. 
The operation was carried on at a boil for one hour. The 
shade given by the two hemateins was at least twice as full 
as that obtained from hematoxylin. Next some speck-dye 
was made of the same substances in the following propor- 
tions: five per cent. coloring matter, forty-four sodium car- 
bonate, five sodium hydrate, one of sodium sulphite and six- 
teen of copper sulphate; each dissolved in water, the solu- 
tions mixed, made up to equal volumes, boiled and allowed 
to cool. The skeins of unmordanted cotton yarn of equal 
weights were then dyed in these baths. In this case the 
shade obtained with hematoxylin was much darker than 
with the hzmateins; these being of little practical value. 
There was a marked difference in the appearance of the 
baths, that of the hematoxylin being of a deep purple 
color, with little or no precipitate, the other two of a blue 
color, with much precipitate. 

Noticing a yellowish color in this precipitate, which 
might have been due to the reduction of the copper, the 
action of each of these substances was tried on Fehling’s 
solution. It was reduced by hematoxylin much more slowly 
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than by hematein; but it was found that more copper was 
reduced by the hematoxylin than by the hematein. Fifty 
milligrammes of hematoxylin gave °1675 gram Cu,O,and the 
same quantity of hematein,*1541 gram Cu,O. These may not 
be the constant reduction proportions, as this was not tried 
_ under varying conditions; but these figures were obtained 
by treating the bodies with an excess of Fehling’s solution. 
A farther report will be made on this subject. From these 
experiments it would appear that when: alkaline solutions 
are used in the application of logwood, the extract or decoc- 
tion should be made of dry cut wood, while for wool much 
better results are obtained by the use of cured wood. 

On finding that free chlorine in proper proportions would 
increase the dyeing powers of logwood extract and that an 
excess produced dull and gray shades similar to those 
obtained by the use of bleaching powder or calcium hypo- 
chlorite, the experiment was tried of reducing the amount 
of the calcium salt to about half the theoretical quantity. 
When this was done, a marked increase of color was 
obtained, with no deteriorationin shade. It has been shown 
that the greatest development of the dyeing power of 
hematoxylin results when forty-seven per cent. of free 
chlorine is used; but when a solution of bleaching powder 
is employed, the same effect is produced when the propor- 
tion of available chlorine to hematoxylin is but twenty- 
three and one-half per cent. 


PHILADELPHIA, January 21, Igo. 
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[Stated Meeting, held at the INSTITUTE, Tuesday, March 18, 1890.] 


HALL OF THE FRANKLIN INSTITUTE. 
PHILADELPHIA, March 18, 18go. 


In the absence of the President and Vice-Presidents, Dr. L. B. HALL was 
elected by the Section President fvo em. | , 

Members present: Dr. H. W. Jayne, C. J. Semper, H. Pemberton, Jr., L. 
E. Williams, J. H. Eastwick, Prof. N. Wiley Thomas, Dr. S. C. Hooker, 
Reuben Haines, A. W. Allen, L. J. Matos, Philip S. Clarkson, Dr. L, I. 
Morris. : 

A letter from Dr. Wahl was read, in which he called the attention of the 
Section to the fact that at his suggestion the Library Committee had author- 
ized the purchase of the complete set of Liebig’s Anma/en, from 1832 to 1886. 
He also recommended that the Section subscribe for this journal regularly, 
commencing with 1887. On motion, the Section voted that the Treasurer be 
authorized to continue the subscription, as suggested by Dr. Wahl. 

The Treasurer called the attention of the Section to the very satisfactory 
condition of the treasury, and recommended that expenditures for additional 
journals, as well as standard works of reference, be made. On motion, the 
Section voted that a committee be appointed by the Chair to make selections 
of such journals or other works as might be purchased, the committee to 
report to the Section at a future meeting. The President appointed J. H. 
Eastwick, Dr. H. W. Jayne, Dr. S. C. Hooker.and Dr. Wm. H. Wahl, mem- 
bers of this committee. 

Dr. Hooker called the attention of the Section to some new developments 
in the work conducted by himself and Dr. Greene on lapachic acid and its 
derivatives. Certain points of difference in the views of the authors on the 
one hand and E. Paterno, on the other, concerning the structure of these 
bodies, were made clear in his remarks, which were listened to with much 
interest by the members. 

Mr. Reuben Haines called the attention of the Section to Dr. Pruden’s 
recently published work on Bacteriology. He discoursed at some length 
various points of general interest in the work. 

Dr, L. B. Hall referred to an observation recently made by him of the 
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peculiar blue color which a mixture of sulphuric acid and phosphorous pent- 
oxide assumes on standing for a time. The observation was made in con- 
nection with the application of Kjehldahl’s method of determining nitrogen. 
None of the members present had ever noticed the phenomenon. 
Adjourned. Ww. C. Day, Secretary. 
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ON THE SYNTHESIS or FUMARIC ACID. 


By E. H. KEISER. 


| Read atthe Stated Meeting of the Chemical Section, held February 20, 1890. | 
[Preliminary Communication. | 


Van't Hoff * has proposed the following stereometric for- 
mulze for fumaric and maleic acids: 


COOH—C—H H—C—-COOH 
! and | 
H—-C—-COOH . H—C—COOH 
Fumaric acid. : Maleic acid. 


Johannes Wislicenust has shown ina series of important 
papers that it is possible to determine experimentally the 
stereometric formulz of certain isomeric compounds. A 
consideration of the hypothesis put forward by him sug- 
gested the idea that it ought to be possible to prepare both 
fumaric and maleic acids synthetically from acetylene. In 
accordance with Van’t Hoff and Wislicenus’ theory, the 
di-halogen additive compounds of acetylene can exist in two 
isomeric forms having the formule: : 

X—C—H | H—C—X 

A | and II. | 
| H—C— X 7 H—C—X 
in which X represents any halogen atom. And, further, 
compounds having the constitution represented by formula 
I are more stable than those having the structure repre- 
sented by the second formula. Fumaric acid would then 


* Lagerung der Atome im Raume, p. 21. 


| Raumliche Anordnung der Atome in organischen Molekiilen. Ann. 
Chem. (Liebig), 246, 53. 
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appear to be closely related to the halogen derivatives of 
the first class, and maleic acid to those of the second. 

It occurred to me that it might, perhaps, be of interest 
in this connection to start with acetylene, and prepare, in 
the first place, two isomeric di-halogen additive compounds, 
and then endeavor to transform these into fumaric and 
maleic acid. The investigation is not yet completed, but 
one of the acids, namely, fumaric acid, has been prepared 
in this way from acetylene. 

Acetylene was prepared by the action of alcoholic potash 
upon ethylene bromide, and the purified gas was passed 
through a series of wash-bottles containing crystals of 
iodine covered with a layer of absolute alcohol. After a 
time, the iodine disappeared, and from the liquid two iso- 
meric acetylene di-iodides were separated. One of these 
compounds is a solid at ordinary temperatures; the other is 
aliquid. The solid di-iodide is much more stable than the 
liquid variety. It does not decompose on standing, and 
can be sublimed without suffering change. On the other 
hand, the liquid di-iodide undergoes decomposition when 
heated, and cannot be distilled with steam without being 
decomposed. These compounds have been prepared by 
Sabanejeff,* who has analyzed them and found them to 
have the composition represented by the formula C,H,]I,. 
No attempt was made by him to determine their consti- 
tution. : 

In accordance with the Van’t Hoff hypothesis, the solid 
acetylene di-iodide, which is much more stable’ than ‘the 
liquid di-iodide would have the constitution represented by 
rie formula— 

I—C—H 


| 
H—C—I 


and would, therefore, belong to the same general class of 
acetylene derivatives to which fumaric acid belongs. Now, 
experiment shows that this solid acetylene di-todide can be 
transformed into fumaric acid. 


* Ann, Chem. (Liebig), 178, 118. 
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Nine grams of the acetylene di-iodide crystals (m. p. 73°) 
were dissolved in alcohol, and five grams (two molecules) of 
potassium cyanide added, and the solution was boiled for 
thirty-six hours in a flask with an inverted condenser. 
Caustic potash was thereupon added, and the boiling con- 
tinued for two hours longer. On cooling the contents of 
the flask a considerable quantity of needle-shaped crystals 
separated from the liquid. They were removed from the 
solution, and on examination proved to be the potassium 
salt of fumaric acid, which crystallizes in the form of 
needles, insoluble in cold alcohol. More of the salt was 
obtained from the mother-liquor. The aqueous solution of 
the potassium salt was treated with silver nitrate and a 
white precipitate consisting of the silver salt was obtained. _ 
The silver salt was purified by dissolving it in nitric acid 
and reprecipitating it by carefully neutralizing the solution 
with ammonia. The silver salt of fumaric acid is charac- 
terized by its great insolubility in water, and by the fact 
that when it is heated it deflagrates like gunpowder. Both 
of these properties were exhibited by the silver salt of the 
acid made by synthesis. | 

A quantitative determination of the percentage of silver 
gave the following result: 

‘2039 gram of the salt, dried at 100° gave 
"1786 gram of Ag Cl = 65:97 per cent. Ag. 


Calculated for 
Ag? Cy H2 O4. Found, 


OS a 65°43 65°97 

The free acid itself was recognized by its insolubility in 
water; it was precipitated from moderately concentrated 
solutions of its salt by the addition of strong acids. It will 
be analyzed as soon as larger quantities of it have. been 
obtained in pure condition. 

In 1882, Sabanejeff* studied the action of potassium 
cyanide upon acetylene di-bromide and obtained an acid 
having the formula C,H,O,. It is probable that fumaric or 
maleic acid was first formed in his experiments, which after- 
wards, by the prolonged action of boiling caustic alkali, was 


* Ann. Chem. (Liebig), 216, 275. 
o 3 
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converted into the acid C,H,O, It has been shown by 
Linnemann and Loydl* that when fumariec acid is heated 
with caustic alkalis, it is gradually changed into an inactive 
maleic acid, thus: 


OF Ea hon if OA ew Om svi 
Fumaric acid. Inactive maleic acid. 


A more detailed study of the reactions, which gives rise 
to the formation of the two acetylene di-iodides, as well as 
the attempt to prepare maleic acid from acetylene, is reserved 
for future work. : 


Bryn Mawk, Pa., February, 1890. 
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PROCEEDINGS. 


[Stated Meeting, held at the \NSTITUTE, Tuesday, April 15, 1890. | 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, April 15, 1890. 


Mr. W. L. Rowland, Vice-President, in the Chair. 


Members present: Dr. H. W. Jayne, Dr. Wm. H. Wahl, Prof. E. F. 
Smith, Messrs. W. W. Macfarlane, H. A. Galt, Reuben Haines, L. E, Wil- 
liams, Lee K. Frankel, H. Pemberton, Jr., W. H. Bower. 

_ The committee appointed at the preceding meeting for the purpose of 
selecting journals to be subscribed for by the Section made a valuable report, 
which was accepted by vote of the Section. 

The members of this committee were Dr. Jayne, Dr. Hooker, Mr. J. H. 
Eastwick and Dr. Wahl. 

The journals recommended were as follows: Bulletin de la Soctété 
Chimique de Paris, Gazetta Chimica Italiana, Zeitschrift fir Phystologische 
Chemie, Annalen der Chemie, Chemisches Centralblatt, Zettschroft fir 
flygiene, Zeitschrift fiir Krystallographie und Mineralogie, Tschermak's 
Mineralogische Mitthetlungen. 

The cost of these journals was estimated, approximately, at $50. 

Dr. Jayne exhibited a fragment of what had been originally a lead wall 
in a tank in which chloride of calcium was employed for drying purposes ; 
the lead had been converted gradually into chloride of lead crystals. Mr. 
Rowland mentioned a similar case in which the transformation of lead into 
chloride had been brought about by common salt on board a vessel. 

Mr. Pemberton called attention to a recently patented improvement in 
manufacturing phosphorus; by this eer ee a greater output per unit of 
heat was claimed. 

Dr. Wahl exhibited a eee, of aluminium electro-plating done by the 
Harvey-Filley Aluminium Plating Company, of Philadelphia. He called 
attention to the difficulties of aluminium plating in the past, and stated that 
they had been practically removed. 

The monthly report of Dr. S. C. Hooker, on the Philadelphia Water Sup- 
ply, was read by title, and referred for publication in the JOURNAL OF THE 
INSTITUTE. 

Adjourned. Wo. C. Day, Secretary. 
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On THE PRESENT CONDITION or TrHE PHILADEL- 
PHIA WATER SUPPLY. 


By SAMUEL C. HOOKER. 


[Presented at the Stated Meeting of the Chemical Section, April 25, 1890. | 


Since my third report was presented to this Section, a 
great deal of space has been devoted in the daily papers to 
the discussion of our water supply, and while one cannot 
but regret that much has been said which is both exagger- 
ated and untrue, it is a matter for congratulation that the 
subject has once again been brought prominently before the 
public. | 

During a large portion of last summer, the water supplied 
to all parts of the city, without exception, was almost 
uninterruptedly muddy. Under these circumstances it is 
scarcely to be wondered that there should have been a dis- 
position to make the worst of a condition of affairs certainly 
bad enough without the least exaggeration. It is too much 
to expect that the newspapers should possess in all or even 
in most cases the necessary knowledge to discriminate. 
between facts which have and others which have no weight, | 
between arguments and opinions, which are or are not 
entitled to consideration, and the result has been that an 
immense amount of misleading information, a vast number 
of positively incorrect and worse than valueless statements. 
have been distributed broadcast to the public.. Facts have | 
been dwelt upon which have no weight, self-constituted 
authorities have been quoted whose statements have been 
remarkable for their inaccuracy, positively ridiculous for 
their scientific absurdity. 

While, however, there has been unquestionable exagger- 
ation in the arguments used against the water, there has 
also been a deplorable exhibition of bias and misinforma- 
tion, and a positive disinclination to admit facts on 
the part of certain gentlemen, who appear to regard the 
present condition of our water supply as. all that can be 
desired. 
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For three months, after the publication of my third 
report, I continued the laborious investigation, the early 
results of which have been already communicated to you. 
The publication of the numerous analyses has, however, 
been purposely delayed, because it was thought probable 
that they would be more fairly and impartially considered 
after the excitement, created by the newspaper agitation, 
had subsided. My analyses did not justify me in speaking 
as badly of the water as several of the newspapers were 
able to do, and any less vehement protest against its condi- 
tion would have failed at that time to have attracted the 
attention which I hope will now be given to this paper. 

In the following table will be found, as the condensed 
result of my investigation, average figures for the water 
collected at different parts of the city during six months of 
last year: . 


: ; | sisi he 
Samples Collected March to September, 1889. Chlorine. Dela | Ammonia. ie 
itrates. 
| 
| ine 
West Philadelphia, Forty-fourth and Chestnut | 
DP emee CPA GRMDICS), 2 wk ee 233 | "0015 ‘0080 "099 
| | 
Sixteenth and Locust Streets (23 samples),. . . "254 | "0014 "0081 "098 
Twentieth Street and Columbia Avenue (23 | 
I a ee ok Rg ts 266 | "0024 *0097 | 100 
Front and Bainbridge Streets (22 samples),. . . *265 "0013 0076 | "099 
eo 
Average of 93 City samples, ... 2. 2 ie. 254 fe 0016 0083 *099 


For purposes of comparison several samples of water 
were taken from the Schuylkill, at Phoenixville,in order that 
some idea might be formed of the extent of the pollution 
occurring within about 25 miles of the city. The samples 
from Phoenixville were furnished to me through the courtesy 
of the Water Department. For the other samples I am in- 
debted to the kindness of several gentlemen residing in the 
various neighborhoods in which they were collected, who 
most cheerfully undertook the troublesome task of drawing 
the water for analysis at stated times. 

Deferring for a moment the consideration of the Phcenix- 
ville samples and judging the water by such standards as 
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are universally adopted, when the history of the water 
examined is entirely unknown, we are compelled to acknowl- 
edge that the above analyses do not in any way condemn 
the water, but, on the contrary, we must admit that the» 
chlorine, free and albuminoid ammonias and the nitrates 
are present in quantities less than they are known to exist 
in many absolutely unpolluted waters. 

By comparing the water at Phoenixville, however, with 
that supplied for city use, we are able to detect in the city 
water a slight increase in the quantity of the substances 
estimated, indicating that the sewage pollution, which we 
know exists, has occurred to an extent sufficient to appreci- 
ably influence the composition of the water. 

The following table gives the average results of analyses 
of five samples of water obtained from each of the points 
named at nearly corresponding dates: 


Free Albuminoid a 


Chlorine. | Ammonia. | Ammonia. Hi 
Nitrates, 


Phoenixville (average of 5 samples), .. 2. 2477 "zoo 0039 *0079 .084 
West Philadelphia, Forty-fourth and Chestnut 

Streets (average of 5samples),. .... "227 Pt oege 24 *OIOI "085, 
Sixteenth and Locust Streets (average of. 5 . - 

Oh at tos | gee Os gee te, waning te tym ane t "264 . ‘0017 "0099 *088 | 
Twentieth Street and Columbia Avenue (aver- 

bee Of Ss Sampleel ie Ga Ga ei ea ia "242 | ‘0027 0126 "086 
Front and Bainbridge Streets (average of 5 | 

SATADIES) oh ut bc oe ly OA ee ee "260 *oor2 "0078 083 


Passing on to the discussion of each of the impurities deter- 
mined, we may at once dismiss the nitrates from considera- 
tion, as the quantities present in the various samples of 
water examined differed only slightly from each other. It 
will be observed that the chlorine in the water drawn at 
all points of the city is greater than that found in the 
samples from Phoenixville. 

Similarly the albuminoid ammonia in three out of the 
four localities in the city is distinctly greater than in corre- 
sponding samples from Phcenixville. With regard to the 
free ammonia a decrease in quantity is observed in the city 
water, but in spite of this, in view of the figures for 
a,buminoid ammonia, we are compelled to regard the 
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quantity of the organic substances discharged into the 
river after leaving Phoenixville, as somewhat greater than 
the combined action of the natural processes of purification 
and the subsiding reservoirs has been able to dispose of. 
During the six months covered by my investigation these 
impurities were almost entirely mechanically suspended, 
and by a suitable system of filtration could have been 
readily removed, leaving the water remarkably free from 
organic matter. : 

That most of the organic substances reaching the city 
should be pumped from the river in an insoluble form is not 
after all extraordinary. A considerable proportion of the 
organic matter of sewage exists of course in solution, but 
as many varieties of waste from as many factories, etc., 
are discharged into the river, it is probable that these sub- 
stances, by acting and reacting on each other, give 
rise to the formation of precipitates, which in some cases 
may consist essentially of organic matters formerly in solu- 
tion, in others which may mechanically enclose them. 
However this may be, the fact remains that the organic | 
matter of the Schuylkill water, during the six months of 
last year that I investigated the subject, was almost and 
entirely in suspension and the condition of the water, de- 
_prived of its suspended matters, was entirely satisfactory, 
_and often of a very high degree of purity. 

Mud whether wholesome or unwholesome has obviously 
no place either in drinking water or in water to be used for 
household or industrial purposes, and to show, therefore, 
that the mud of the Schuylkill water is accompanied by 
precipitated organic matters derived from sewage, seems to 
me to add little to the many emphatic arguments, which 
can be already urged with unquestionable force against its 
_ presence being tolerated. But, on the other hand, by show- 
ing that practically the entire amount of the substances, 
which can be considered objectionable, are present in sus- 
pension and can be readily removed, leaving a water of a 
high degree of purity, how strong an argument we have for 
carrying out such purification. 

In order that Schuylkill water may be filtered satisfac- 
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torily on a large scale, it is necessary to use a so-called 
“coagulant,” and whether this be alum or iron, it is probable 
that the result will be much the same. Economical and 
mechanical considerations will have to be carefully weighed 
in choosing between them. ‘The beneficial action of both 
these substances depends upon the formation of precipi- 
tates, which in the act of separation entrap and enclose the 
microbes and suspended particles, so that they can be 
arrested during subsequent filtration through sand. If the 
filtration be attempted without the addition of the coagulant, 
the very minute particles to which the turbidity of the 
water is due, pass through the interstices of the filter bed 
unchecked, but by first entrapping them in the precipitates 
derived from the coagulent used, they are virtually increased 
in size and can be arrested by the sand bed. 

There is so much prejudice against alum, that it is desir- 
able to discuss its use in the purification of water somewhat 
in detail. Alum is a double sulphate of aluminium and 
potassium and contains a large proportion of water of crys- 
tallization. Its percentage composition is as follows: 


Sulphate Of BNEMIUM, a OA 36°07 
Sulpliate- of potas! 3 ke or 
Water of crystallization 200. Le 

100°00 


The sulphate of aluminium is the active portion of the 
alum and may be substituted for it if desired. 

As soon as the alum is added to the water the carbonates 
present in solution react with the sulphate of aluminium, 
becoming themselves converted into sulphates with the 
formation of unstable carbonate of aluminium. ‘The latter 
gives off carbonic acid gas and alumina separates. It is 
evident, therefore, that the separation of the alumina is not 
attended by the formation of free sulphuric acid, as has 
been alleged. The addition of alum to the water slightly 
increases the quantity of sulphates present and a small 
quantity of carbonate of lime is usually converted into 
sulphate of lime. The aluminium is entirely precipitated 
as alumina, and unless a considerable excess has been used, 
none whatever remains in solution. 
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I have dwelt upon the action of alum at so great a length 
(1) because I have been much impressed by the results 
which can be obtained by its use; (2) because it forms an 
essential feature of the American system of filtration; and 
(3) because I am convinced that the objections which have 
been urged against it are based upon an erroneous concep- 
tion of its mode of action. 

If it is the presence of microbes which is to be ‘mainly 
feared in drinking water, there can be aside from boiling 
the water, no surer way of getting rid of them than py the use 
of acoagulant. The efficiency of iron for this purpose has 
been amply demonstrated at Antwerp and elsewhere; and 
in this country, Dr. Prudden, a well-known bacteriologist, of 
New York, has stated that he has found water purified by 
sand and alum filtration practically sterile. It has been fre- 
quently stated that microbes cannot be removed by filtration, 
that they will even passa thousand abreast through the inter- 
stices of an ordinary sand-bed. In answef to thisit may be said 
that while it is useless to look for good results by simple 
filtration at any speed which may be considered practical 
through clean sand alone, the matter is entirely changed by 
the use of a coagulant, and the smaller the particles, the 
more minute the microbes, the more surely are they 
entrapped in, surrounded and held by the precipitate 
formed. 

The albuminoid ammonia in Schuylkill water, purified 
by sand and alum, has been often determined in my 
laboratory and has always fallen below ‘oo50 parts per 
100,000, : 

There is scarcely a day when the water of Philadelphia 
does not reflect discreditably upon the city, its officials and 
its citizens. If we had but the one alternative, the use of 
the Schuylkill in its present condition or the expenditure of 
$20,000,000 to get water from elsewhere, we might possibly 
be excused for hesitation. But there are other ways of 
solving the difficulty. Water, considerably worse than that 
taken from the Schuylkill, has been successfully purified 
elsewhere, and why should not Philadelphia adopt a similar 
system of purification. It is evident that additional sub- 

c 4 ) 
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siding basins alone are impracticable for the work required. 
The enormous East Park reservoirs and the comparatively 
small amount of work they accomplish must have convinced 
all who have impartially considered the matter that some 
other method of purification must be adopted. The sus- 
pended matters of the Schuylkill water are mostly so minute 
and are deposited so slowly that very many times our present 
storage capacity would be necessary to render the condition 
of the water at all times uniformly clear and satisfactory. 
The large nuraber and large size of the reservoirs required 
to do this and the immense outlay which their construction 
would involve would seem to be sufficient reason for look- 
ing to other methods of purification. 

In conclusion, I desire to acknowledge my indebtedness 
toa ‘gentleman who wishes to be nameless, not only for the 
interest he has taken in the progress of this investigation, 
but also for liberally sharing the expenses connected with it. 

A complete list of my unpublished analyses of the 
Schuylkill water is appended. 


ANALYSES OF THE PHILADELPHIA WATER SUPPLY. 


Chlorine expressed in parts per 100,000. 


Sixteenth : Front and 
1889, Phoenixville. |, West. = and Locust | Columbia | Bainbridge 
Philadelphia. Stradta: Avenue. Streets. 
| | 
Mares. halen Fe uiho — | 18 28 22 30 
SMSC ei g ae eee —— 21 25 ‘28 24 
PH) a as — 19 20 22 20 
PAG ge ates aia 22 24 "24 24 
USC a a asta ee — 27 26 26 31 
BOE ee "22 _— ~~ —_ — 
i OR ORgS C Be eee eae | —_ | 27 30 “25 31 
duby etn eee *16 2I 26 ce) 23 
Tt wee _ at 23 *25 25 
EOC ar a — 19 20 18 20 
COts nos we we | — 24 24 *26 26 
August ist, hs ae Veep “16 or xis = "= 
eee ee | _— 21 24 "15 “98 
Oth, ee _— 21 | 23 26 ‘as 
pn, oj cd ea => 20 24 "IQ "92 
SION 2S es "18 22 24 "23 *21 
ROR ee aa — 25 23 *“o4 “28 
canal ber 6th, eer ot | —_ 20 28 “31 a 
TO ee | *26 _ — — a 
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PROCEEDINGS. 


Sceencser seme oe 


[Stated Meeting, held at the INSTITUTE, Tuesday, May 20, 1890.] 


HALL OF THE FRANKLIN INSTITUTE. 
PHILADELPHIA, May 20, 1890. 


Mr. T. C. Palmer, President, in the Chair. 


Members present—Dr. L. B. Hall, Prof. E. F. Smith, Dr. Wm. H. Wahl, 
Dr. H. W. Jayne, Mr. L. J. Matos, Mr. L. E. Williams, Mr. W. L. Rowland, 
Prof. Henry Trimble, Mr. Reuben Haines, Mr. W. H. Bower, Prof. R. L. 
(Chase, Dr. S. C. Hooker, Mr. Hugh A. Galt, Mr. A. T. Eastwick, Mr. Fred. 
E. Ives, Mr. A. A. Moore and four visitors. 

Mr. A. A. Moore, Franklin Sugar up (urnild Philadelphia, was elected an 
associate member of the Section. 

Dr. Wahl read an imteresting and aiuabee paper on “The Electro- 
deposition of Platinum.” 

The author prefaced this paper by the statement that at the next meeting he 
would exhibit specimens of substances employed in his investigation, and 
also illustrate the practical working of the processes described. The paper 
was referred for publication in ‘the JOURNAL of the INSTITUTE. 

Dr. Hooker presented a paper on ‘‘ Derivatives of Lapachic Acid,’’ and 
exhibited some beautiful specimens of these derivatives. The communica- 
tion was referred for publication in the American Chemical Journal. 

Adjourned. Wo. C., Day, 

Secretary. 
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PROCEEDINGS. 


[Stated Meeting, held at the INSTITUTE, Tuesday, June 17, 1890. | 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, June 17, 1890. 


Dr. H. F. Keller, Vice-President, in the Chair. 


Members present—Dr. L. B. Hall, Dr. H. W. Jayne, Prof. R. L. Chase, 
Mr. G. L. Norris, Prof. E. F. Smith, Mr. Reuben Haines, Mr. A. A. Moore, 
Mr. H. Pemberton, Jr. . 

A letter from Dr. Wahl was received, announcing that india 
prevented him from being present to read his paper illustrating the practical 
working of his process for the electro-deposition of platinum. 

Prof. E. F. Smith read a valuable paper on the ‘‘ Oxidation of Sulphur in - 
Sulphides by Means of the Electric Current.’’ The paper called forth some 
interesting comments from Drs. Hall and Keller and Mr. H. Pemberton, Jr. 
It was referred for publication in the JOURNAL OF THE INSTITUTE and in 
the Berichte der deutschen chemischen Gesellschaft. 

Adjourned. Ww. C. Day, 

Secretary. 
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ON THE ELECTRO-DEPOSITION oF PLATINUM. 


| By Wm. H. WAHL. 


[ Read at the Stated Meeting of the Chemical Section, May 20, 1890. | 


The permanence and unalterability of the metal pla- 
tinum—properties which make it of such inestimable value 
to the chemist—have likewise suggested its application as 
a protective covering upon the surfaces of other metals; 
and, even in the early days of the art of electro-deposition, 
efforts to obtain a satisfactory coating of this metal were 
-made. The failure with which these early experiments 
were attended, served rather to stimulate than to deter sub- 
sequent investigators, and the problem has received the 
attention of a number of the most noted experts in the art. 
The results that have been accomplished cannot be said to 
have been entirely satisfactory—a statement which, I 
believe, will be fully sustained by the fact that electro-plat- 
ing with platinum, on the commercial scale, is practised 
only to a very limited extent. When the wide field of applhi- 
cation for platinum-plating is considered—and I need only 
name philosophical, engineering, surgical, dental and electri- 
cal apparatus and instruments, fire-arms, watch-cases, and 
jewellery, to say nothing of the host of miscellaneous articles 
of utility and ornament to which the metal could be advan- 
tageously applied—the conclusion is warranted, that the 
processes thus far proposed for the purpose do not fully 
meet the requirements of practical service. 

Thus far, of all the methods that have been proposed for 
electro-plating with platinum, three only appear to have 
‘sufficient merit to deserve special notice; these are: 

(1) Roseleur-Lanaux’ method, based on the electrolysis 
of a solution of the double phosphate of sodium and pla- 
tinum. 

(2) The process of the Bright Platinum Plating Company 
(of London), a modification of that of Roseleur, involving 
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the introduction into the bath of certain substances, such 
as sodium chloride and borax, to ensure a bright deposit of 
the metal; and 

(3) Boettger’s method, founded on the electrolysis of a 
solution of the double chloride of ammonium and platinum 
in sodium citrate. 

Each of these baths will yield satisfactory results fora 
time; but, as I shall endeavor to show, the peculiar diffi- 
culties met with in the practice of platinum-plating render 
it impossible to maintain the. chemical integrity of these 
electrolytes, and, in consegence thereof, they soon become 
inefficient or inoperative by reason of contamination with 
the secondary products formed therein. 

I will endeavor in what follows to give the true explana- 
tion of the difficulties above referred to, and to indicate 
what, from a careful study of the subject, fortified by the 
results of numerous experiments, I conceive to be the only 
feasible method of overcoming them. 

The first difficulty encountered is that of obtaining a 
bright, reguline and adherent deposit of the metal, in which 
form only it will answer the demands of practice. Thereis 
no difficulty in effecting the separation of the metal from 
solutions of almost any of its compounds. Zinc, iron and 
tin reduce it promptly by simple immersion, and this very 
facility of reduction is one of the reasons why, even by the 
method of electrolysis, the desired object is frequently 
accomplished only in an imperfect manner; for the electro- 
plater is obliged to meet and overcome its obstinate dispo- 
sition to separate from many of its compounds in the con- 
dition of platinum black, lacking coherence and adherence, 
and therefore entirely unsuited for his purpose. 

Another and no less serious difficulty arises from the 
insolubility of plates or sheets of this metal as anodes, 
when solutions containing platinum salts are submitted to’ 
electrolysis. In electro-plating with copper, silver, gold and 
nickel but little difficulty is encountered in practice on this 
account, since anodes of these metals are freely soluble in 
many solutions capable of depositing them when they are 
submitted to electrolysis, and the rate at which these anodes 
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are respectively dissolved, approximates so nearly to that at 
which the metals are deposited upon the objects at the 
cathode, that the metallic strength of the electrolyte is 
maintained substantially constant, and electro-plating solu- 
tions of these metals may be operated for a long time with- 
out requiring additions of metallic salts. The electro-depo- 
sition of the metals whose anodes are thus tractable is 
carried on industrially with success. 

It results from this want of solubility of the anode that 
the metallic strength of the electrolyte employed is con- 
tinuously being weakened, while the deposition of the — 
metal is going on, and the conductivity of the bath is being 
continually modified thereby. The character of the depos- 
ited metal also is injuriously influenced by these constant 
alterations of condition in the bath; and, asthe rate of deposi- 
tion becomes slower and slower by reason of the gradual 
impoverishment of the metallic strength of the solution, it 
becomes necessary to restore it by fresh additions of metallic 
salt. The practice in all the processes of electro-plating 
with platinum employed up to the present time, save that 
of Boettger, is to use for this purpose the tetra-chloride of 
platinum. With this single exception, all the solutions for 
the electro-deposition of platinum thus far made known, so 
far as | am aware, are made by treating the chloride with 
compounds of the alkalies, soda, potassa, or ammonia. Of 
these, the phosphates and oxalates of soda, or potassa, are 
in greatest favor, and a number of formule for preparing 
platinum-plating baths with their aid have been described. 
The resulting substance is commonly a double salt, such, 
for example, as the double phosphate of sodium and pla- 
tinum ; the double oxalate of potassium and platinum, etc., 
contaminated, however, in each case by the chloride of the 
alkali employed, which is formed from the decomposition 
of the platinic chloride. As often as it is found necessary 
to strengthen the bath, fresh additions are made of platinic 
chloride, which, by chemical interaction with the constitu- 
ents of the bath, aided by the process of electrolysis, yields 
more alkaline chloride; and it follows that the bath, by 
reason of becoming surcharged with this foreign substance, 
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and with other secondary products of electrolytic decompo- 
sition, ceases to yield bright, reguline platinum upon the 
articles to be plated therewith and must be discarded. It 
then becomes necessary to regain the platinum contained 
in the discarded bath, by one or another of several pro- 
cesses of reduction known to chemists. The platinum thus 
regained may be converted into chloride and utilized in the 
preparation of afresh bath, with which the same series of 
operations may be repeated. Boettger purposes to maintain — 
his. bath by fresh additions of his original solutions, but it 
must be apparent that the continued electrolysis of such a 
solution as he employs must be attended with the constant 
accumulation therein of alkaline chlorides from the same 
causes as those specified above. ‘This rapid deterioration of 
the baths, therefore, involves their frequent renewal at the 
expense of time and labor, so that, in spite of the fact that 
there is a wide field for its application, it is principally for 
this reason that the art of electro-plating with platinum on 
the commercial scale has thus far been practised only to a 
very limited extent. 

It occurred to me that it might be practicable to over- 
come the principal difficulty here set forth. Knowing the 
‘influence of extent of surface in promoting the solubility of 
substances, it appeared to me at least probable that if the 
platinum were exhibited at the anode in the form of plati- 
num-black, or sponge, exposing thus an enormously greater 
number of points of attack to the electro-negative element 
or acid radical there set free, the result might be the solu- 
tion of the platinum, and the problem of maintaining the 
metallic strength of the electrolyte would thus be solved. 
The correctness of this conjecture was verified by experi- 
ment. For this purpose a plate of porous battery carbon, 
previously treated with boiling hydrochloric and nitric acids, 
was saturated repeatedly with a solution of platinic chloride 
and dried. It was then introduced into a graphite crucible, 
finely divided carbon was packed about it, and the crucible 
and contents heated for about half an hour to bright redness. 
The carbon plate then contained within its pores platinum 
in a state of eminently fine division. Treatment with water, 
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and with hydrochloric acid at boiling temperature, failed 
to leach out any platinum salt, showing that the previous 
treatment had sufficed to reduce all the platinum salt to the 
metallic state. The carbon plate was then suspended as 
the anode in moderately diluted hydrochloric acid, a plati- 
num plate serving as the cathode. The acid bath was 
gently heated and a current of moderate strength was 
allowed to flow through it. There was a liberal evolution 
of hydrogen from the cathode, but little perceptible evolu- 
tion from the anode. The acid solution gradually became 
colored from the formation of platinic chloride, and after 
some time the bright surface of the cathode began to 
blacken and ultimately became covered with a thick coating 
of platinum black. It was thus demonstrated that an 
anode of platinum in the state of fine division is readily 
soluble in an electrolyte which yields chlorine at the anode 
when the same is electrolyzed. This observation, so far as 
Iam aware,is new. It proved, however, to have no prac- 
tical value, since the solution of the anode demanded the 
- presence of a large proportion of free acid in the plating- 
bath and the use of current of such strength as to produce 
invariably the deposition on the surfaces: to be plated, of 
black and non-adherent metal. Furthermore, it was found 
as was to have been anticipated, that the physical condition 
of the anode exerted no influence whatever in the electro- 
lysis of baths formed of the oxysalts of platinum, from 
which the best results in electro-plating are obtained—since,. 
in electrolyzing such compounds, the acid radical separated. 
upon the surface of the platinum black failed to exert any 
perceptible solvent action. 

It was therefore necessary to devise some other plan for 
overcoming the difficulties herein described, and, after 
making a number of fruitless experiments, I was so fortu- 
nate as to find a plan which appears to offer a solution of 
the troublesome problem of electro-plating with the group 
of metals, whose anodes are insoluble, in a more satisfac- 
tory manner than any other that has hitherto been sug- 
gested. 

The plan here referred to consists in employing platinum 
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hydroxide for the purpose of maintaining the metallic 
strength of the plating-bath. For this purpose, the hydroxide, 
which is readily soluble in alkalies andin many of the acids, 
may be introduced into the plating-bath from time to time 
and dissolved therein by stirring, or it may be permitted to 
remain in the bath in excess, the undissolved portion 
remaining at the bottom of the containing vessel, or it may 
be suspended in a canvas-bag adjacent to or surrounding 
the anode of carbon, according as the nature of the electro- 
lyte may indicate one or the other method to be the prefer- 
able one. As the solutions which yield the best results in 
plating are those of the oxygen salts, I have found it advan- 
tageous also to prepare these directly from the hydroxide. 
This method, I have found, is capable of yielding a number 
of electrolytic baths of platinum that will maintain their 
metallic strength approximately unimpaired during electro- 
lysis, and without the objectionable features of introducing 
into them substances that will cause them to deteriorate by 
the accumulation therein of injurious secondary products 
of decomposition, as is the case where stch baths are main- 
tained by additions of platinic chloride or alkaline chloro- 
platinates, as has hitherto been the invariable practice. 
Referring now specifically to the properties that render the 
platinic hydrate useful for the purposes above indicated, the 
following points appear to be deserving of mention. 

It is readily soluble in aqueous solutions of the alkaline 
hydrates, and in a number of acids, mineral and vegetable 
In the treatment of the platinic hydrate with aqueous solu- 
tions of the alkaline hydrates, the former plays the part of 
a weak acid forming compounds known as platinates, which 
are very soluble, and from which the platinum is not pre- 
cipitated on the addition of an excess of alkali. A weak 
aqueous solution of sodic or potassic hydrate (but especially 
the last named) will dissolve a large quantity of platinic 
hydrate, at the ordinary temperature, though solution takes 
place more freely, when heat is applied. These solutions, 
have the advantageous features of being freely conductive of 
electricity, and of yielding bright, reguline, and adherent 
electro-deposits of platinum on metallic surfaces previously 
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prepared to accept the same. Furthermore, with a current 
of moderate strength, the platinic hydrate only is affected, 
as is shown by the pronounced evolution of oxygen at the 
anode and by the total absence of gas at the cathode. Also, 
it is manifest from the free solubility of platinic hydrate in 
alkaline hydrate, even in the cold, that if free platinic 
hydrate be present in a bath of alkaline platinate, the alkali 
set free in the process of electrolysis will combine with this 
platinic hydrate to form fresh platinate. For this purpose, it 
will be necessary either to have present in the bath at all 
times a small excess of platinic hydrate which may remain 
upon the bottom of the containing vessel, without interfer- 
ence with the plating, and which may be replenished from 
time to time; or, to introduce at the end of the day’s work, 
a quantity of the platinic hydrate sufficient to restore the 
metallic strength of the bath to normal, assisting tke solu- 
tion of the metallic hydrate by stirring, and if necessary by 
the application of gentle heat. As. I have found that the 
platinate solutions act best when they contain a consider- 
able excess of free alkaline hydrate, being more conductive 
of the current and yielding the platinum more freely and in 
the best condition, the addition of the proper quantity of 
platinic hydrate at the close of the day’s work in the case of 
a bath of considerable volume, or the addition of small 
quantities at intervals,in the case of a small bath, will be 
found to answer the desired purpose of maintaining the 
metallic strength of the bath approximately normal for an 
indefinite period. Ina bath where considerable free alkali 
is present, the platinic hydrate added as just indicated, dis- 
solves very freely even in the cold. The important fact is 
to be noticed, that the alkaline platinate solutions may be 
maintained and operated for a long time in the manner 
described, since no deleterious secondary products are 
formed by electrolysis to vitiate and render them inopera- 
tive, as will speedily be the case where the platinic chloride 
is used for this purpose. The mineral acids (hydrochloric, 
nitric, sulphuric, and phosphoric acids), dissolved the 
hydroxide freely, as likewise do certain of the vegetable 
acids, notably oxalic acid, and form with corresponding 
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salts of the alkalies, double salts, many of which are soluble 
in water. Of the salts thus capable of being formed, how- 
ever, so far as I have been able to determine by experiment, 
only a limited number appear to be adapted to yield a 
deposit of bright, reguline and adherent platinum. ‘The 
halogen compounds may obviously be prepared more con- 
‘veniently by the direct solution of the metal in agua-regia 
than by the method I have described, but as I have found 
the oxygen compounds of platinum to yield much more 
satisfactory results, I therefore exclude them from con- 
sideration. : 

Of the salts that may be formed from platinic hydrate 
by solution in acids (and in part by suitable combination 
with the corresponding alkaline compounds to form double 
salts), three only may be named as sufficiently useful to 
yield practically valuable results in plating. These are the 
phosphates, oxalates and acetates, of which also it is prac- 
ticable to form double salts with the alkalies, soda, potassa 
and ammonia, which yield bright, reguline and adherent 
plating. 

Oxalic acid, so far as I have been able to determine, is, of 
all the oxygen acids, the best solvent of platinic hydrate, 
dissolving it éven in the cold, but with great energy when 
aided by heat, and forming platinous oxalate, with evolu- 
tion of carbonic anhydride. From this brownish-black or 
deep blue solution (according to concentration), brilliant 
reddish-brown scales of the salt separate abundantly and 
readily from the hot saturated solution. A _ saturated 
aqueous solution of the simple oxalate prepared from the 
hydrate as above described, will yield bright, reguline, 
adherent platinum when electrolyzed with a comparatively 
weak current, with evolution of carbonic anhydride at the 
anode. With a stronger current hydrogen also appears at 
the cathode. This bath may be maintained indefinitely at 
normal metallic strength by observing the precaution to 
add oxalic acid and platinic hydrate in small quantities 
from time to time; or by keeping constantly at the bottom 
of the bath some platinic hydrate, and adding oxalic acid 
in crystals or powder from time to time as may be required 
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to keep the bath saturated; or, what is much to be preferred, 
making a supply of platinous oxalate from platinic hydrate 
in the manner previously described and keeping an excess 
of this present in the bath at all times. This bath has the 
same advantages as are possessed by the above-described 
alkaline platinate baths, of being capable of indefinite main- 
tenance at normal metallic strength and of introducing no 
substances that will cause its deterioration by the formation 
of secondary decomposition products. 

Phosphoric acid also is a solvent of platinic hydrate. A 
dilute aqueous solution of this acid will dissolve a small 
quantity of the metallic hydrate in the cold, and a much 
larger quantity when aided by heat. With increasing con- 
centration, the solvent power of this acid for platinic 
hydrate is correspondingly increased. The resulting solu- 
tion of phosphate of platinum according to the degree of 
concentration, will be wine-yellow to cherry-red in color, 
and with a comparatively weak current, will yield bright, 
reguline and adherent platinum on metallic surfaces 
properly prepared to accept the same. The electrolysis of 
this compound also, does not involve the formation of dele- 
terious secondary products, the result of the operation being 
the separation of the metal at the cathode and of the acid 
radical at the anode—and of the elements of water which 
are evolved as gases respectively from anode and cathode. 
In the operation of the bath, therefore, it will become more 
and more acid as the metal is withdrawn by the accumula- 
tion therein of the phosphoric acid set free at the anode. 
The maintenance of the metallic strength of the bath, 
therefore, may be effected as in the foregoing cases by 
having present therein at all times a small quantity of 
platinic hydrate or by the addition at the end of each day’s 
work of the quantity of the metallic hydrate which will be 
required to restore the amount of metal withdrawn. This 
bath must be worked very acid, and the solution of the 
platinic hydrate to maintain the strength of the bath must 
be facilitated by heating, as the solvent power of phos- 
phoric acid for platinie hydrate is much inferior to that of 
oxalic acid. The double phosphates of platinum with cer- 
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tain of the alkalies may be formed, which will be capable 
of yielding a deposit of bright, reguline and adherent 
metal, and of being maintained approximately at normal 
metallic strength in the same manner as I have set 
forth above. I have obtained the best results with the 
-ammonio-platinic phosphate, prepared by adding to the 
solution of platinic hydrate in phosphoric acid sufficient 
aqua ammoniz to cause the same to give an alkaline 
reaction, which point will be indicated by the formation of 
a grayish precipitate that will not disappear on stirring ; 
then restoring the acidity of the solution by adding free 
phosphoric acid in excess, upon which the precipitate 
readily dissolves. The ‘resulting solution is yellowish or 
brownish, and yields superb plating; though, on account of ~ 
‘the greater difficulty of maintaining its metallic strength 
by the solution of the hydroxide, it is not so well adapted 
as the oxalate for the work of electro-deposition on the large 
scale. The sodio-platinic phosphate, formed in a manner 
_ precisely analogous to the ammonia compound just 
described, will also yield bright, reguline and adherent 
plating; but I have observed that the soda salt isless freely 
soluble than the corresponding ammonia compound, and 
consequently more difficult than the latter to maintain of 
normal metallic strength. 

Platinic hydrate is only very sparingly soluble in strong 
acetic acid, and it is impracticable to facilitate the sclu- 
tion by boiling, since by persisting in this for a very short 
time, the hydrate is decomposed and black platinic oxide is 
formed, which is quite insoluble in thismenstruum. I have 
found, however, that an alkaline acetate bath may be pre- 
pared by the addition to the alkaline platinates above 
described, of as much acetic acid as may be introduced with- 
out causing the formation of a permanent precipitate. But 
although the appearance and quality of the plating obtained 
with this bath leave nothing to be desired, the bath does not 
meet the requirements in respect of indefinite maintenance 
in normal metallic strength and uniform composition. This 
difficulty, however, as I have observed, becomes less and less 
pronounced as the bath is made more strongly alkaline, 
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when it approximates more and more closely to the alkaline 
platinates; for it is obvious that in the presence of a large 
amount of free alkali, this would unite with the acetic acid 
to forma simple acetate. The resulting solution would no 
longer contain sodio- (potassio-) platinic acetate, but sodic 
(potassic) acetate, sodic (potassic) platinate, and free alkali. 
Nevertheless, the presence of acetic acid in such alkaline 
bath appears favorably to influence the quality of the plating 
yielded, giving the deposited metal a whiteness approach- 
ing that of silver; and since furthermore, acetic acid yields 
only the bletnetite of water and volatile compounds, when 
electrolyzed and therefore does not contaminate the elec- 
trolytic bath by forming deleterious secondary products, I 
find its judicious addition to the above-described alkaline 
platinate baths to present some advantages. 

The foregoing comprise the compounds that I have found 
to yield the most satisfactory results in platinum plating, and 
I will not tax your patience at this time by an enumeration 
of the results, either partially successful, or wholly unsuc- 

cessful, that I have obtained with a number of differently 
| constituted compounds of this metal. 
- Tappend directions for the preparation of the several 


_ electrolytic baths above described, and indicate what I have 


found to be the most favorable conditions for working them. 
~ Jn conclusion, I desire to make known the fact, which was 
| brought to my knowledge only within the past week, that 
my friend, Prof. Wm. L. Dudley, of ‘Vanderbilt University, 
Nashville, Tenn., has independently worked out the problem 
of de ditd-platine with iridium in a manner precisely anal- 
ogous to that which I have herein described with platinum. 
Prof. Dudley has made no publication of his research, but 
in aletter,informs me that he employed, as long ago as 1886, 
_the following procedure, which I quote, “a bath of the metal 
may be composed of either the chloride (IrCl,), the double 
chloride of iridium and sodium, or a double sulphate of 
iridium-ammonium. The latter was preferred. The bath 
was kept saturated with metal by suspending canvas bags 
in the solution (either near to or around the anodes) con- 
_ taining the hydroxide of iridium.” 
cd 
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DIRECTIONS FOR PREPARING THE | HLECTRO-PLATING _ 
Batus.—For the alkaline Pavan bath, the following 
directions may suffice : 


Platinie byilrdte, Co ok ea i a a Sia 
(lanntic, pobassa Gi Seed fo eres te hae ad A lg 
DOGG MEO i Ae A oo, Si eo a oe : 1 gallon. 


Dissolve one-half of the caustic potassa in a quart of 
distilled water; add to this the platinic hydrate in small 
quantity at a time, facilitating solution by stirring with a 
glass rod. When solution is effected, stir in the other half 
of alkali dissolved in a quart of water; then dilute with a 
enough distilled water to form one gallon of solution. To 
hasten solution, the caustic alkali may be gently heated, but 
this is not necessary, as the platinic hydrate dissolves very 
freely. This solution should be worked with a current of 
about two volts and will yield metal of an-almost silvery 
whiteness upon polished surfaces of copper and brass, and 
quite freely. There should be slight, if any, perceptible 
evolution of hydrogen at the cathode, but a liberal evolu-_ 
tion of oxygen at the anode. I have observed that the 
addition of a small proportion of acetic acid to this bath 
improves its operation where a heavy deposit is desired. 
‘The anode may be of platinum or carbon, and owing to the 
readiness with which the metal is deposited an excess of | 
anode surface is to be avoided. Articles of steel, nickel, 


tin, zine, or German-silver, will. be coated with black and 


more or less non-adherent platinum; but by giving objects 
of these metals a preliminary thin electro-deposit of copper 
in the hot cyanide bath, they may be electro-platinized in 
the alkaline -platinate bath equally.well as copper. The 
bath may be worked hot-or cold, but it is recommended to 
-work it at a temperature not exceeding 100° F. It may be 
diluted to one-half the strength indicated in. the formula 
_and still yield excellent results. The surface of the objects 
should be highly polished by buffing, or. otherwise, prior to 
their introduction in -the bath,.if the resulting bai, 1S 
-designed to be brilliant. 

The deposition of platinum bales apr ols ononiea In pest 
minutes; asufficiently:heavy coating will be obtained for most 
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purposes. The deposited metal is so soft, however, that it 
requires to be buffed very lightly. A heavier deposit will 
appear gray in color, but will accept the characteristic 
lustre of platinum beneath the burnisher. | 

The oxalate solution is prepared by dissolving one ounce 
of platinic hydrate in four ounces of oxalic acid and dilut- 
ing the solution to the volume of one gallon with distilled 
water. The solution should be kept acidified by the occa- 
sional addition of some oxalic acid. The simplest plan of using 
this bath, and which requires no attention to proportions, 
is simply to work with a saturated solution of the oxalate, 
keeping an undissolved excess always present at the bottom 
of the vessel. An addition of a small quantity of oxalic 
acid now and again will be found advantageous. The 
double salts of oxalic acid with platinum and the alkalies 
may be formed by saturating the bin-oxalate of the desired 
alkali, with platinic hydrate and maintaining the bath in 
normal metallic strength by the presence of an undissolved 
residuum of platinous oxalate. 7 

The double: oxalates are not so soluble in water as the 
simple salt. The oxalate baths, both of single and double 
salts, may be worked cold or hot (though not to exceed 
150° F.), with a current of comparatively low pressure. The 

_metal will deposit bright, reguline and adherent on copper 
and brass. Other metallic objects must receive a prelimi- 
mary coppering as above. ‘The deposited metal is dense, 
_ with a steely appearance, and can be obtained of any 
desired thickness. 

- The deposit obtained in the oxalate baths. is sensibly 
harder than that from the alkaline platinate bath, and will 
bear buffing tolerably well. 

The phosphate bath may be prepared by the following 
formula: 


mmeeonortc acid, syrupy (sp. gr. 1°7), 2. 2 es 8 OZ. 
I NO i el ee a es: I-1% oz. 
I RN re iia ee ea aa I gallon. 


The acid should be moderately diluted with distilled 
water, and the solution of the hydrate effected at the boil- 
ing temperature. Water should be added cautiously from 
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time to time to supply that lost by evaporation. When 
solution has taken place, the same should be diluted with 
sufficient water to make the volume one gallon. The solu- 
tion may be worked cold or warm to 100° F., and with a 
current much stronger than that required for the platin- 
ates and oxalates. The ammonio- (and sodio)- platinic phos- 
phates may be formed from the simple phosphate by care- 
fully neutralizing the solution of the phosphate with 
ammonia (or soda); then adding an excess of phosphoric 
acid, or enough to dissolve the precipitate formed and an 
additional quantity to ensure a moderate amount of free 
phosphoric acid in the bath. The phosphate baths will be 
maintained of normal strength by additions of platinic 
hydrate, the solutions of which will have to be assisted by 
heating the bath, preferably at the close of each days 
work. The metal yielded by the electrolysis of these phos- 
phate solutions is brilliant and adherent. It has the same 
steely appearance as that exhibited by the oxalate solutions, 
but to a less pronounced degree. The physical properties 
of the deposited metal are in other respects like . those 
described i in connection with that obtained from the oxalate 
baths. 
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Tur OXIDATION or SULPHIDES sy MEANS oF THE 
ELECTRIC CURRENT. 


By EpGar F. SMITH. 


[ Read at the Stated Meeting of the Chemical Section, June 17, 7890.] 


In the Proceedings of the Chemical Section of the | 
FRANKLIN INSTITUTE, 1, 52, and the Berichte 22, 1010, a pre- 
liminary report was published, describing a rapid method 
for the conversion of sulphur into sulphuric acid through 
the agency of the electric current. It was there demonstrated 
that the sulphur in the mineral chalcopyrite, for example, 
‘was completely oxidized to sulphuric acid in ten minutes, 
and that the oxides Fe,O,, CuO, etc., were eliminated from 
the analysis, so that the barium sulphate finally weighed 
was perfectly white in appearance, and not contaminated 
with the impurities usually accompanying it when precipi- 
tated: from solutions containing much iron, etc. 

To give a better idea of the mode of carrying out an 
‘ oxidation of this description, the apparatus used for this 
purpose will be first outlined. 

7 represents a table upon which stands 4, an ordinary 
filter-stand,in the base of which is fixed a binding screw 
holding in position a heavy copper wire bent as seen in the 
sketch, and intended to carry the nickel crucible in which 
the oxidation occurs. The arm of the filter-stand has 
attached to it a binding screw holding a heavy platinum 
wire, as well as the copper wire generally in connection with 
the anode of the battery. Ais a Kohlrausch ampéremeter, 
registering ampéres and half ampéres; this is in connection 
with C,a block of wood screwed or nailed to the table. 
There are four depressions (x) in C containing a few drops 
of mercury, in contact with the binding screws (a). D is the 
movable top of C; the wires crossing it project on the under 
side and rest in the mercury cups (+). When Dis so arranged 
that the wires on its upper face run in the direction of the 
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dart, the j crucible becomes the anode of the battery, 
whereas if | they have a horizontal position, «——> 
the crucible | is the cathode. ; 

F is a resistance frame, consisting of about 500 feet of 
common iron wire arranged upon a light wooden parallelo- 
gram. It should always be in the circuit. 

The movable cap J) is necessary and important. It 
enables the operator to change the poles quickly—to reverse 
the current at a moment’s notice. In the oxidations to be 
described later on, this was frequently necessary, chiefly 


!) 
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because when the crucible served as cathodein many of the 
decompositions there often occurred a considerable deposi- 
tion of metal upon its sides, and in the act of separating 
this metal enclosed undecomposed material and withdrew 
it from the field of oxidation. In such cases, by making the 
crucible the anode, as above indicated, the mineral matter 
will be liberated, and upon coming in contact with a large 
oxidizing surface, all the sulphur contained in it will be 
converted into sulphuric acid. The crucible should always 
be covered during the oxidation. 
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OXIDATION OF THE SULPHUR IN SULPHIDES. 


In the oxidations given later, nickel crucibles 14% inches 
high and 134 inches wide were used; but a more advantageous 
form, one which should always be employed when more than 
o'15 gram of material is used, would measure 2 inches in 
length and 1% inchesin width. In sucha vessel, place 25~30 
grams of pure potassium hydroxide (not sodium hydroxide), 
and warm the same until the excess of moisture is expelled. 
Bring the weighed sulphide into the crucible, connect the 
latter with the copper wire shown in the sketch, and lower 
the platinum wire so that it extends a short distance below 
the surface of the molten mass. The current is then made 
to pass by bringing a metallic cup, connected with one pole 
of the battery,in contact with one of the wires of the 
resistance frame /. ‘The sulphur will be completely 
oxidized in from ten to twenty minutes. Interrupt the cur- 
rent, allow the crucible and contents to cool, then place the 
same in water. In a few minutes, all but the insoluble 
oxides will have dissolved. Filter, acidulate the warm fil- 
trate with hydrochloric acid, and precipitate the sulphuric 
acid inthe usual manner. If, upon adding acid to the alka- 
line solution the latter becomes turbid, from separated sul- 
phur, itis an indication that the oxidation was incomplete. 
Observe closely whether sulphur dioxide is liberated 
even when the liquid remains clear. Never omit the exami- 
nation of the residue remaining on the filter, after the 
alkaline solution has been filtered. The caustic alkali must 
always be tested for sulphur before using it in this work. 
It is well to estimate the impurities in the alkali and deduct 
them, in each determination, from the barium sulphate 
found. | 

To ascertain to what extent this method could be applied 
in oxidizing sulphur, the following minerals, representing 
all the various classes of natural sulphides, were subjected 
to experiment : 


SPHALERITE (ZnS). 


No difficulty was experienced in oxidizing the sulphur of 
this mineral. A current of one ampére (= 10°45 cc. electro- 
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lytic gas per minute) was amply sufficient for the purpose. 
When the mineral was added to the melted caustic potash 
and the current applied, the mass assumed a muddy appear- 
ance, which it retained for ten minutes when it became 
white and frothlike. It was discovered, by experiment, 
that this appearance indicated the complete oxidation of 
the sulphur. 


(I) o 1195 gram mineral, 20 grams alkali, 1 ampére (time, 20 minutes), gave 32°97 per cent. S. 
(11) 01025 66 oe a3 46 66 66 32° 96 
(III) o°r180 Ce c€ ee cé 10 66 32°80 66 


By oxidizing the sulphur in a fourth portion with nitric 
acid and potassium chlorate, 32°90 per cent. sulphur was 
obtained. | mY 

A specimen of Joplin (Mo.) blende gave 32°60 per cent. 
and 32°80 per cent. S. by the nitric acid method, while by 
the electrolytic method 32°90 per cent. S. was found. 

An impure sphalerite, locality unknown, in which there 
was considerable gangue and other admixtures, gave 29°83 
per cent. S. when oxidized with nitric acid, and when acted 
upon in alkaline solution by a current giving one ampére of 
electrolytic gas per minute, the sulphur found was: 


(1) 29°23 per meee 
(11) 29°45 
(III) 29°68 Hh " 
([V) 29°67 as : 66 


(V) 29°90 66 66 
(VI) 29°58 6 66 


-CINNABAR (HgS). 


Very pure material was employed in this oxidation. 
Several trials were required, in order to learn the proper 
conditions for successful working. The tendency of this 
mineral, when finely divided, was to collect in lumps, which 
appeared to rise and fall in the alkaline solution; in order 
to bring every particle of material within the field of oxida- 
tion the current was reversed every few minutes. By doing 
this the sulphur was completely oxidized in twenty minutes 
or even inlesstime. If the precaution just mentioned with 

‘reference to the reversal of the current be not heeded 


wpe Peet 


more time will be required for complete oxidation and even 
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then it will be doubtful whether the sulphur is fully con- 
verted into sulphuric acid. Twenty-five grams of caustic 
alkali were used in each experiment with this mineral. 


O° 1089 gram cinnabar gave 13°62 per Cent. S., white the required percent- 
age is 13°79. 


A current of two ampéres per minute was used. 


GALENITE (Pbs). 


There is no difficulty in oxidizing this mineral. The 
same quantity of alkali and the same current strength were 
employed here as in the mineral immediately preceding : 

(I).0°1093 gram galenite gave 14°30 per cent. S. 
(11) 0’ 1092 $6 sé 14°60 66 66 

Another portion in which the sulphur was oxidized by 
heating the mineral in a current of chlorine gave 14°30 per 
cent. S. 

ARGENTITE (Ag,S). 


No difficulty was encountered in oxidizing this mineral. 
The decomposition was made with conditions analogous to 
those already described. Silver did not pass into the alka- 
line solution, so that when the sulphuric acid was precipi- 
tated, barium chloride was employed as usual. The 
specimen analyzed being exceedingly pure, it was not 
thought necessary to determine the sulphur by any other 
method. None of it remained unoxidized : 


0°1032 gram argentite gave 13°04 per cent. S; required 12’g0 per cent. S. 


CHALCOCITE (Cu,S). 


Thus far this mineral has resisted all efforts to convert 
its sulphur into sulphuric acid. Repeated attempts have 
been made, but not more than half of the sulphur contained 
in the mineral was oxidized, notwithstanding the current 
was very mitch increased in each trial. Since some time 
may elapse before another opportunity offers itself to con- 
tinue experimentation with this mineral, it need only be 
stated that a modification of the usual method will be 
tried upon it. The copper and sulphur are evidently in 
very intimate union. 
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MOLYBDENITE (Mos,). 


The sulphur in this mineral is given up readily to the 
oxidizing influence of the current. One annoying feature 
is that the fine mineral particles are so very light that they 
are apt to be carried up and adhere to the cover crystal. In 
this oxidation the poles should be repeatedly reversed. The 
result given below is from a sample that contained much 
quartz, etc. The residue, however, gave not a trace of 
sulphur when tested for it. 


o°1045 gram mineral gave 0'2785 BaSO, = 36'60 per cent. S. 


STIBNITE (Sb,S,). 


While a current of two amperes was employed in this 
oxidation, the sulphur can be completely changed to sul- 
phuric acid with one ampere. Three trials proved this 
conclusively. 

o'log5 gram mineral gave 0°2230 BaSO, = 27'91 per cent. S.; required 
sulphur, 28°5 per cent. 

ORPIMENT (As,53). 


Pure material could not be obtained, so that the experi- 
ments were made with inferior mineral, and the greatest 
care was given the oxidation, so that sulphur was not after- 
wards discovered in the insoluble residue. 

o'1150 gram sub. gave 0°2922- gr. BaSO, = 34:90 per cent. S. 
O°1044 &¢ 6€ O°2721 ae¢ = 35°79 a6 cé 

The arsenic was also oxidized to arsenic acid. Several 
tests proved the conversion to be quantitative. Results 
obtained in this direction will be published later. 


JAMESONITE (Sb,S;Pb,). 


The sulphides of lead and antimony offer no difficulty in 
the oxidation of their sulphur. ‘This sulpho-salt is decom- 
posed with equal facility. A current of two ampéres per 
minute was employed. The crucible was the anode for ten 
minutes, and the cathode for an equal period. 

(1) o'1078 gram mineral gave 0°1426 gr. BaSO, = 18°16 per cent. S, 

(If) o'1093 . Ma tga ot, CO Ec " 

Required S = 18°30 per cent. 
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ENARGITE (AsS,Cu,). 


The oxidation was made in a same manner as in jame- 
sonite : | He 


O*1 102 gram mineral gave 0°2449 gr. BaSO, aon 30 52 per cent. sf 


A second sample, oxidized with nitric acid, gave 31°00 
per cent. S. 
_ STEPHANITE (Ag,SbS,),_ 


This mineral was oxidized without iraoute The con. 
ditions under which it was worked were similar to those of 
the preceding minerals: 


(1) o°1044 gram substance gave 16°69 per cent. S. 
(II) o 1109 fi  AOESS v5 “Theory rea. 16°20 p. ¢. S. 


KOBELLITE ( (Bi Sb), 5, Pb,). 


The sulphur in this mineral was oxidized with ease: 
(I) 0°1136 gram sub. gave 0°1562 gr. BaSO, = 18°38 per cent. S. 
(II) O'l 157 ‘“c 66 O°1594 6¢ Be 18°41 a6 a6 
The sample here oxidized was of the same material as that 
analyzed by Dr. Keller (Proc. Chem. Sec. Franklin Inst., 1, 
127). On comparing the mean of his four sulphur deter- 
minations with the results obtained by the electrolytic 
method, it will be seen that the latter does not lack in com- 
pleteness : ook ea 


Current Oxidation. Nitric Acid Oxidation. 


Sulphur percentage. 18°97; 18°33; 18°46, 18°36 
18°38—18°41. Mean, 18°39 per cent. S. 


TETRAHEDRITE (Sb,As),S,(Cu,,Hg,,Fe,Zn),. 


Quite a number of sulphur determinations and complete 
analyses of tetrahedrite of the above composition were 
made in this laboratory during the college year just closed. 
In all of these the chlorine method was employed for 
decomposition purposes. ‘The percentage of sulphur found 
was 24°48 per cent. Samples of the same were then exposed 
to the action of a current of two ampéres for twenty min- 
utes, and the sulphuric acid determined in the usual man- 
ner with these results: 


Psi Ley 3 C.F. 


(1) o'1073 gr. mineral gave 23°81 per cent. S. 


(II) 0° 1096 os ra 24°38 6 ‘6 
(III) 0.1086 . ‘ @ls in si 
(IV) fon 1095 66 és 24° 37 : 66 “6 


Tetrahedrite seemed to require the full time (twenty 
minutes) for oxidation, for in several instances, where the 
current was interrupted after acting fifteen minutes, the 
alkaline solution became quite turbid upon acidulation. 


STANNITE (SnS,Cu,Fe). : 
The conditions here were the same as those already men- 
tioned for the other sulpho-salts : 


(I) o'1087 gram mineral gave 28°61 per cent. S. 
(II) o-1og1 & it aa02 i: 


PYRRHOTITE (Fe,,5,,), MARCASITE (FeS,) AND PYRITE (FeS,). 


The sulphur in the first of these three minerals is very 
readily changed to sulphuric acid. None of its iron passes 
into solution, so that the barium sulphate, after ignition, 
was perfectly white in color. The residue, not soluble in- 
water, showed no unoxidized sulphur: 

(I) 0.1087 gram mineral gave 0'3049 gr. BaSO, = 38°51 per cent. S. 

(11) 0° 1067 66 66 0°3014 66 — 38°79 66 66 

By oxidation with nitric acid the sulphur found was 
38°78 per Cento. et: 

An exceedingly pure specimen of marcasite was exposed 
to the action of the current. Its sulphur was rapidly and 
completely oxidized : 

0°1043 gram substance gave 0°4056, gr. BaSO, = 53°40 per cent. S. Re- 
quired S. = 53°33 per cent. | 

While these sulphides of iron parted with their sulphur 
with great ease, pyrite held half of its sulphur content 
quite tenaciously, notwithstanding it was exposed to the 
influence of much more powerful currents than the other 
two minerals. 

(1) 0°1667 gram pyrite and 20 grams KOH were exposed for ten minutes to 
the action of a current giving one ampére per minute. The crucible served 


as anode for half the time. The sulphur that was oxidized equalled 24°53 per 
cent. ; 
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(II) 0°3080 gram pyrite, 30 grams KOH, and z a current as in (I) gave 22 
per cent. S, 


A number of similar trials gave about the same results. 
As chalcopyrite was oxidized without difficulty (Proc. Chem. 
Sec., Franklin Institute,1, 53), the thought suggested itself 
that possibly the addition of cupric oxide might prove 
beneficial. Accordingly, the following experiments were 
made: 


(III) o'1009 gram pyrite, ‘0611 gram CuO, 25 grams KOH, and a current 
of one and one-half ampéres gave 36°39 per cent. S. 

(IV) o"1021 gram pyrite, ‘0710 gram CuO, 25 grams KOH, and a current 
of one and one-half ampéres gave 35°02 per cent. S. 

(V) o°1007 gram pyrite, -o550 gram CuO, 25 grams KOH, and a current 
of one and one-half ampéres gave 30°93 per cent. S. 


The time in each trial was twenty minutes. While the 
addition of the cupric oxide apparently favors the sulphur 
oxidation, the results are anything but concordant. 


(VI) o'1000 gram pyrite, 70950 gram CuO, 25 grams KOH, with a current 
of two amperes, for twenty minutes, gave sr 24 per cent. S. 

(VII) o'1000 gram pyrite, o'1000 gram ° ‘CuO, and other yee ca the 
same as in (VI), gave 38°00 per cent. S. : 


The residues all contained unoxidized aan dare 


(VIII) o°1045 gram pyrite, 0523 gram cud, 25 grams KOH, and a current 
of two and one-half ampéres per minute, gave 46°93 per cent. S. 

(IX) 0" 1000 gram pyrite, “0500 gram CuO, otherwise : as ‘in n (VID, gave 
aC 97 per cent. Ss. aiadal 

(X) 011123 gram pyrite, o°1400 gram CuO, 25 Brains a and a current 
of two and one-half ampéres, gave 41°67 pér cent. S.0 : 

(XI) 01160 gram pyrite, ol 100 gram CuO, 25 grams KOH, and a current 
of two and one- -half ampéres, gave 51°26 | per cent. Bitz. 


These examples are but a few of the many trials carried | 
out to obtain all the sulphur. The final satisfactory results 
were obtained 1 in the following manner : 


(XI) o'1060 gram pyrite, an equal quantity of cupric oxide, 28 grams 
KOH, and a current of four ampéres per minute, gave ee 6 per cent. Bo 


The residue remaining, after treating the eee alkaline 
mass with water, was dissolved in nitric acid, diluted to 75 
cc. with water, and tested with a solution of barium chloride. 
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No barium sulphate was precipitated on warming the solu- 
tion, or éven after allowing the same to stand for some days. © 


(XIII) o' 1048 gram pyrite, an equal quantity of cupric oxide, 28 grams 
KOH, and the current as in the preceding experiment, gave 53°02 per 
cent. S: 


The residue did not contain sulphur.. The time given 
for the oxidation in each of these experiments was twenty 
minutes, and the current was reversed after it had acted ten 
minutes. , 

Several trials were made with the view of ascertarnte 
whether with conditions precisely analogous to those in the 
last two experiments, the copper oxide omitted, it would be 
possible to completely oxidize all of the sulphur. They 
proved failures. A current of five ampéres, with cupric 
oxide absent, was insufficient for the complete conversion 
of the sulphur into sulphuric acid. 

The sulphur of pyrrhotite was readily oxidized. Indeed, 
this mineral conducted itself very much like the monosul- 
phides, zincblende, galenite, etc. Marcasite, too, offered no 
difficulty. Since it and pyrite differ only in crystalline form, 
can it be that the latter property alone is the cause of the 
greater stability of the pyrite? Will this explain its 
tenacious hold upon the sulphur? If this be true, why 
should not this stability extend to the two sulphur atoms? 
More than forty trials with pyrite show that itis only about 
half the stlphur which the current changes to sulphuric 
acid, At least such was the case when cupric oxide was not 
added. The same current strength that does this amount 
of oxidation. with pyrite. will convert a@// the sae in 
marcasite into sulphuric acid. t3 - 

The writer would ‘here’ elnowigtae his indebted to 
Profs. Koenig and Keller for the mineral material consumed 
in this investigation, and also to Mr. D. C. Wallace for most 
valuable assistance in carrying out the oxidations and 
general analytical work. 


UNIVERSITY OF PENNSYLVANIA, 
‘Philadelphia, June 7, 18go. 
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Tue ELECTROLYTIC METHOD as APPLIED to 
PALLADIUM. 


By EpGAR F. SMITH 4ND HAkRY F. KELLER. 


| Read at the Stated Meeting of the Chemical Section, March 18, 18go.| 


Our knowledge bearing upon the behavior of this metal 
towards the current is limited and rather indefinite. In 
1868, Wohler published, in the Axunalen, 143, 375, an article, 
entitled “Ueber das Verhalten einiger Metalle im elek- 
trischen Strom,” from which the following facts are taken - 
Palladium, as the positive pole of a battery, consisting of 
two Bunsen cells, was immersed in water acidulated with 
sulphuric acid, when the metal immediately became coated 
with a deposit having a bright steel-like color. This deposit 
is doubtless palladium dioxide, as it liberates chlorine when 
treated with hydrochloric acid, and carbon dioxide when 
warmed with oxalic acid. At the same time, black, amor- 
phous metal separated upon the negative pole. Its quantity 
was slight. In the second edition of Classen’s Quantitative 
Electrolysis, p. 72 (American edition), it is stated that a 
feeble current will deposit palladium in a beautiful metallic 
state from an acid solution. One Bunsen cell is given as 
sufficient for this purpose. A more energetic current pro- 
duces a spongy deposit. Ludwig Schucht has communi- 
cated * that from an aqueous solution of palladious nitrate, 
acidulated with a few drops of nitric acid, the current pre- 
cipitated upon the negative pole a bronze-colored deposit, 
which, as it grew more dense, became darker, and finally 
black in color. At the positive pole there was a simul- 
taneous deposition of oxide, showing a reddish color. In 
alkaline palladic solutions the precipitation of metal was 
much retarded; the deposition of oxide was also observed. 

Our first experience in the electrolysis of palladium salts 
was ee from the double eee in an excess of ana 


bs * Berg- und dae cnvontiche bettie 38, 121; ae ees fiir ana Chem. 
22, 240. 
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sium cyanide. In such solution a current, generating one 
cc. oxyhydrogen gas per minute, failed to cause metallic 
deposition until after the expiration of thirty-six hours; in 
other words, not until the excess of potassium cyanide had 
been completely converted into alkaline carbonates. Then 
the deposit was black in color, but the precipitation was not 
at allcomplete. No deposition of oxide was noticed upon 
the positive pole. The conduct of the metal in cyanide 
solution led to the trial of certain separations, the results of 
which will be given in a later communication. The action 
of the current (feeble) was also tried upon a solution of pal- 
ladious chloride, in the presence of a large excess of potas- 
sium sulphocyanide. In this case the deposition of metal 
was exceedingly rapid. Spongy spots were noticeable. The 
deposit was black in color. The experiment was made with 
this solution in the hope that possibly a separation of cop- 
per from palladium might be found; but, as these metals 
separate with equal rapidity from their sulphocyanides, the 
results are valueless for this purpose. aa 

The next attempt was made with palladammonium chlo- 
ride, Pd (NH,),Cl, in just sufficient ammonium hydroxide to 
retain it in solution. The total dilution of the solution was 
125 cc.; the acting current gave og cc. OH gas per t ‘minute. 
‘The ne were distant from each other about two inches. 
Just as soon as the circuit was completed, a yellowish-brown 
coating appeared upon the spiral of the positive pole; while 
upon the dish, in connection with the negative pole, a 
deposit of metal closely resembling the platinum itself in 
color made its appearance. After acting through the night 
the current was interrupted, the metal deposit carefully 
dried and weighed. The precipitation was incomplete. It 
was, however, discovered that the deposition at the positive’ 
pole, which gradually increased in mass and assumed a black 
color, had entirely disappeared. In all instances where the 
ammonium hydroxide was in decided excess , the precipita- 
tion of oxide on the positive pole was not observed, This 
behavior is similar to that of nickel when its ammoniacal 
solutions are electrolyzed. In subsequent experiments the 
course was somewhat modified. From solutions such as 
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just described, the palladium:thrown out upon the platinum 
dish was extremely slow in dissolving, even in fuming nitric 
acid, so that it was deemed expedient to first coat the pla- 
tinum dishes employed in the electrolysis with a layer of 
silver, varying in weightfromo'l'too’3 gram. This was done 
in the experiments recorded below, and was found to be 
decidedly advantageous. The layer of silver seemed to 
hasten the deposition of the palladium. 


‘EXPERIMENT T. 


A quantity of palladammonium chloride (= 0°2228 gram 
Pd) was dissolved in ammonium hydroxide; to this solution 
were added 20t0 30cc. of the same reagent (sp. gr. 0°935) and 
75 cc. water. The current allowed to act upon this ammo- 
niacal liquid gave og cc. oxyhydrogen gas per minute. The 
decomposition continued through the night. At no time 
was there any oxide deposition upon the anode. ‘The pal- 
ladium gradually assumed a bright metallic appearance. 
After drying, the deposit showed about the same appear- 
ance as is ordinarily observed with this metal in sheet form. 
The washing was limited to hot water, and when the deposit 
was perfectly dry, the dish containing it was covered with a 
watch glass and exposed to a temperature ranging from 
110° to 115° C. This was done to expel any hydrogen that 
might possibly have been retained by the palladium. 


Weight of silvered dish + Pd = 61'9575 grams. 
66 “6 $6 Pd a 09°73 50 


o'2225.Pd. 
EXPERIMENT II. 


In every respect similar to Experiment I, gave 


Weight of silvered dish -+ Pd = 71°9540 grams. 
: Me TOE eae A! Ag AUN ee 


e'sza5 Pad. 

The filtrates from these deposits were warmed for eight 
hours with ammonium sulphide without showing any 
formation whatever of palladium sulphide. 

In several experiments, with conditions unlike those just 
described, and where consequently an incomplete precipita- 

c6 
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tion of metal occurred, the digestion with ammonium sul- 
phide produced in every instance, in a very short time, a 
reddish-brown flocculent sulphide, carrying with it quite a 
considerable quantity of free sulphur. 

In a second series of two experiments, in each of which 
there was the same amount of palladium as in the previous 
trials, the quantity of ammonium hydroxide in excess was 
made 30 cc., while the current (giving 08 cc. oxyhydrogen 
gas per minute) was allowed to act for sixteen hours. The 
results were quite concordant: 

EXPERIMENT Til. 


Weight of silvered dish + Pd = 72°1055 
Mh Nae PL eo ae 8825 


Weight Pd == 02230 gram. 
EXPERIMENT IV. 


bb cenn of silvered dish + Pd = 62°0512 
‘oe Pid = OFSato 


Weight Pd == 0'2232 

It may be remarked that in filling the silvered platinum 
dishes a rather large surface of silver was allowed to remain 
above the electrolyzed liquid, so that by merely adding 
water it was possible to ascertain when the palladium was 
fully precipitated. When the deposition was not finished, 
the new silver surface soon showed streaks of metal. 

A third series of two experiments, in which the added 
amount of palladium was double that recorded in the pre- 
ceding examples, the same conditions were observed as 
before, with the exception that as the current was only giv- 
ing 0°70 cc. oxyhydrogen gas per minute, the time of pre- 
cipitation was extended to eighteen hours. The results 
were as follows: 


EXPERIMENT V. 


Weight of silvered dish + Pd = 72°3555 
— Pd = 71 g100 


Weight Pd= 0°4455 
EXPERIMENT VI. 


Weight of silvered dish + Pd = 62°2600 
‘“ —Pd= nye 8138 


Weight Pd = eer 
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Curiously enough, upon warming the liquid ‘poured off 
from the palladium in Experiment V, with ammonium sul- 
phide there appeared a very slight sulphide precipitate after 
some hours. The liquid from Experiment VI showed no 
trace of unprecipitated metal. 

The deposits in the experiments just recorded were 
bright, metallic and very dense. In none was there the 
slightest tendency to sponginess. ‘To show the accuracy of 
the method, the results may be tabulated as follows: 


Experiment. Found Pa. Calculated Pa. 
a ek etal ik ap ee O'2225 0°2228 
a et se ia elite ei ga ae o 0°2225 0°2228 
ee yim icblew yidviei rao elle ks 0°2230 0'2228 
eC oe ees ee hwias ee 0°2232 14228 
re hy yh we, a —0°4455— 0°4456 
ee ue ech es . 0°4462 0°4456 


If the percentage differences be calculated, it will be found 
that they are quite within the limit of error occurring in 
almost any ordinary gravimetric determination. 

The behavior of ammoniacal palladium solutions, when 
exposed to the action of the electric current, will be further 
studied as time permits, and, if possible, the attempt wil! be 
made to re-determine the atomic weight of the metal by this 
method in a somewhat modified form. 
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HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 16, 1890. 


Mi. 4... Piter. President, in the Chair. 


_ Members present: Prof. E. F. Smith, Mr. Reuben Haines, Dr. D. K. 
Tuttle, Prof. N. Wiley Thomas, Mr. A. A. Moore, Mr. Lee K. Frankel, Dr. 
Wm. H. Wahl, Mr. Fred. E. Ives. Prof. R. L. Chase, Mr. A. T. Eastwick, Mr. 
G. L. Norris and four visitors. 

Dr. Tuttle proposed the name of Mr. Cabell Whitehead, of the Mint Bureau, 
of Washington, as an associate member of the section ; the name was referred 
to the Committee on Admissions. 
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Dr. Wahl presented the paper by Dr. Masser, of Los Angeles, Cal., on 
‘The Curve of the Elements,’’ which was to have been read by Dr. Persifor 
Frazer. It was read by title, and on motion it was decided to refer the article 
to a special committee for publication. The President named Dr. Wahl, 
Dr. Hall and Prof. Smith as members of this committee. 

Mr. Reuben Haines then read a thoroughly-prepared paper on ‘‘ The Use 
of Galvanized Iron in the Conveyance of Drinking Water.’’. Some interest- 
ing results of the analysis of water conveyed in galvanized pipes were pre- 
sented, and also a careful review of the most important literature on the 
subject. The paper was referred for publication in the JOURNAL. 

An interesting discussion followed in regard to the immunity enjoyed by 
workmen engaged regularly in handling poisonous metals and their com- 
pounds. Dr- Wahl instanced, as a remarkable example of this, the continual 
inhalation by the workmen in the galvanizing works of zinc chloride vapors, 
produced by throwing ammonium chloride upon the surface of the molten 
zinc in the operation of galvanizing iron. 

Dr. Tuttle called attention to the carelessness in regard to health shown 
by workmen in white lead works. Remarks were also made by the president 
and by Mr. Reuben Haines. : 

Adjourned. ' “Wm. C. Day, Secretary. 


PROCEEDINGS. 


[Stated Meeting, held at the Institute, Tuesday, October 21, 1890. | 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 21, 1890. 


Mr. H. Pemberton, Jr., in the Chair. 


Members present: Messrs. Wahl, Smith, Hooker, Hall, Sadtler, Haines, 
Frankel, Tuttle, Williams, Galt, Jayne, and a number of visitors. 

Dr. Wahl presented a paper, by Dr. Hans von Strombeck, on ‘‘ The Con- 
stants of Ammonia,” and proposed its reference to a committee for examina- 
tion with a view to its publication. 

The Chair appointed Messrs. Rowland, Wahl and Hall as the committee. 

Prof. Sadtler presented and made some remarks in regard to a paper on 
‘“‘Utah Ozokerite.’’ Specimens were exhibited to the Section. The material 
was said to be obtained in quantities. Prof. Sadtler spoke of some of the 
uses of ozokerite obtained from Hungary. 

Prof. Smith read a paper giving some of the results of a preliminary study 
by Dr. Keller and himself on the action of sulphydric acid on certain amines. 

The paper was referred for publication. : 

Adjourned. H. W. JAYNE, Secretary pro tem. 


i 
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ON THE USE OF GALVANIZED IRON FoR ARTESIAN 
WELLS AND FOR THE CONVEYANCE OF 
DRINKING WATER. 


By REUBEN HAINES. 


[| Read before the Chemical Section, September 16, 18go. | 


The writer recently received for analysis for potability a 
sample of water from an artesian well, which proved to be 
of somewhat unusual character. The well had been sunk a 
few months ago on a homestead property, situated a short 
distance beyond the northern boundary of this city. It was 
seventy-eight feet in depth, and the outer casing as well as 
the inner tube were of galvanized iron. ie 

The water had been previously analyzed by another 
chemist and was pronounced by him to be contaminated 
with sewage. As no source of contamination was known 
to exist near the well, it was thought a mistake had been 
made. : 

My analysis showed, however, that water contained an 
enormous amount of free ammonia, and also an extraordi- 
narily large amount of zinc in actual solution. 

I subsequently learned that the pipes were discovered to be 
very much corroded in the short time they had been in use. 

The following are the. results of my examination of the 
water: 


Composttion— 

Parts per 100,000. 
Me Er at ee A pe 0°47 30 
em AGIA i Ce ay Ge eo ee: 0°0080 
hh or uae bo we ols 0°80 
Mee es er a ee yee ee 15°50 


—— Seer 


Only faint traces by the acid phenyl sulphate test in 100 
Nitric Acid, cc. in column seven inches in height in a colorless 
glass tube. ‘ 


Sulphuric Acid (qualitative)—Small traces or none at all. 
Large amount of zinc in solution; identified by sev- 


Injurious Metals, | ; 
eral appropriate tests. 
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A ppearance.—Clear and colorless, there being no turbidity, 
no sediment deposited until exposed to the air for several 
days, when white flakes were observed at the bottom of the 
bottle. : | 

Taste.—After taste, very slightly astringent. 

I subsequently determined the amount of the zine in the 
remaining portion of the same sample, and found it con- 
tained 3°9 grains of the oxide of zinc per gallon, equivalent 
to 3°12 grains of metallic zinc. As this portion of the water 
was small, only one-quarter liter, I was unable to make a 
complete analysis, but in the following statement have sup-— 
plied by calculation the amounts of sodium and carbonic acid, 
assuming that all the chlorine was combined with sodium 
only, and that zinc calcium and ammonia existed wholly as 
carbonates; the small traces of sulphuric acid, nitric acid 
and magnesia, if present, being neglected altogether. 
This, I think, must be at least approximately correct, as the 
evaporated solids yielded considerable carbonic acid on 
treatment with HCl. The results are as follows: 


Grains per Gation. 


DIO a File, AM PEN Se ie en i bs eee 085 
MAUR ice eae Ole as ee le sao re Me by ale 
Cy ee TO at eg each 1°30 
(NCO ol Oui ea eae ee Pte 
PR A wily pened eas 8 g\aeee tae 6°52 
RUCAl GOR AO I ee ee 10°69 


The total solids by actual weight in this portion were 
equivalent to 10°56 grains per gallon dried at 100° C. 

In the above analysis it will be observed that the free 
ammonia is the only positive evidence of organic contami- 
nation in this water. The albuminoid ammonia, however, 
while scarcely excessive fora medium quality and usable 
surface-well water, seems rather too large for a deep well 
in the rock. The albuminoid ammonia should not exceed 
_0'0050 parts per 100,000, and is frequently not more than 
0°0030, if the water is absolutely secure from contamination. 
The amount of chlorine is not more than is natural for 
many pure and soft well waters. The freedom from nitrates 
is rather remarkable, there being less than is found in some 
of the purest spring waters. 


Chem. Sec. ] Flaines. 71 


I ascertained that there was no cesspool drain, manure 
heap, or any other source of contamination within 200 
feet of this well. At that distance there isa stable, but the 
stalls are drained by a cemented terra-cotta pipe, which is 
carried toa considerable distance further away from the 
well. As regards surface drainage, the well is favorably 
situated, being on higher ground than the stable. The 
nearest source of contamination on the adjoining premises 
is at least 500 or 600 feet distant. 

In every respect, therefore, so far as known, the well 
appears to be properly protected as regards location. As, 
however, the well is deep and the amount of water abund- 
ant, it isreasonable to conclude that a water-bearing stratum 
draining a very large area, or perhaps a strong flowing 
underground stream has been tapped. Hence, the water 
may have become contaminated by sewage at a very great 
distance from the well. Such instances have been known 
tooccur. Inthis way Iam inclined to account for the free 
ammonia in this water, which has possibly been increased 
by reduction of nitrates previously present in the water, 
induced by contact with iron and zinc. 

There can be no doubt that the water has been, some- 
where in its course, contaminated with a large amount of 
nitrogenous organic matter, probably animal sewage. 

A peculiar feature of this water is the large amount of 
zine which it contains, and the fact that the whole of it is 
in solution. On heating or partial evaporation, the zine 
separates as a film on the surface of the water. 

_ That water has a solvent action upon metallic zinc has 
been known for a long time. As early as 1778 it was 
alluded to by M. de la Falie, a French physician and chem- 
ist. Thenard and Gay Lussac and, in 1813, Vauquelin and 
Deyeux reported upon it to the French Academy of Sci- 
ences. Chaufféle, in 1848, and Payen and Chevallier, 
in 1854, confirmed it experimentally as regards ordi- 
nary water and even distilled water. . Similar results 
have been reported by others since that time. In 
most of these cases, only traces or very small amounts of 
zine were dissolved. Prof. W. R. Nichols, of Boston, some 
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fifteen years ago, stated that he always expected to find zinc 
in water which passed through galvanized iron pipe. He 
found that Lake Cochituate water, which had remained 
undisturbed in pipes at the Massachusetts Institute of 
Technology for thirty-six hours, the pipes having been in 
use for eight or nine years, contained a small amount of 
zinc in suspension, and 0°062 grain per gallon in solution. 

In another case, when the analysis of the water gave 
suspicious evidence of contamination with sewage, he found 
a trace of zinc in suspension, and 0843 grain per gallon in 
solution. 

The mode of. sation of common potable water on zinc 
is understood to be, first, the formation on the surface of 
the metal of a coating, of.oxide of zinc, which is then 
acted upon by the carbonic: acid generally present in the 
water, converting it into a mixture of oxide, carbonate and, 
according to Pettenkoffer, an oxyhydrocarbonate, or as now 
termed, hydrated basic carbonate, which gradually becomes 
more or less separated from the metallic surface and is car- 
ried in suspension or forms a film on the surface of the 
_ water, while a small part dissolves. 

In the case before us, I think the oxide and carbonate of 
zinc have combined with the carbonate of ammonia to form 
the double carbonate of zinc and ammonia, which is insol- 
uble in water, but very soluble in carbonate of ammonia, 
the excess of carbonate of ammonia in the water thus hold- 
ing it in solution. This combination of salts is decomposed 
by boiling water or by heating on the water bath. | 

I found that both commercial zinc and chemically pure 
zinc, each in the coarsely “ granulated” or feathered condi- 
tion, were rapidly acted upon by'a cold dilute solution of 
carbonateof ammonia, from which, after twenty-four hours’ 
contact with zinc, a copious precipitate of zinc sulphide was 
thrown down by H,S after acidifying with acetic acid. 

It is not unusual to find considerable zinc in suspension 
either as hydrated oxide or carbonate in waters, for instance, 
that have been retained for some time in galvanized iron, 
“circulating boilers’ in dwellings, especially in the case of 
new boilers. 
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I once had in my possession a piece of lead pipe which 
had connected a “circulating boiler” to the “ water-back” 
of the kitchen range, and which at one point was almost 
completely stopped up with a reddish-white deposit; and 
this deposit proved to be composed principally of oxide and 
carbonate of zinc, derived, no doubt, from the galvanized 
iron boiler. 

I have also observed in one instance a scum or film of 
zinc hydrocarbonate almost completely covering the surface 
of the water in a cedar tank after the water had entered 
this tank through several hundred feet of galvanized iron 
pipe leading from a spring-house. The spring water had — 
been until near that time quite pure, but was contaminated 
during heavy rains by a shallow. well a few feet distant, 
which contained decaying vegetable matter and the water 
of which yielded a large amount of free ammonia, but gave 
no evidence of sewage pollution. | 

There can be no doubt that, like the case of ‘the artesian 
well before us, the excessive amount of ammonia in the 
spring water had a solvent action on the zine coating of the 
galvanized pipes, but that on free exposure to the air in the 
tank the hydrocarbonate of zinc was separated, as it 
appeared in a crystalline film on the surface of the water. 

The amount of zinc thus carried into the water, either in 


suspension or in solution, appears to depend not only on the | 


impurities in the water, but also upon the quality of the — 
galvanized iron; both as to whether the, process of coating 
with zinc has been properly done andas to the purity and 
texture of the zinc itself. If, for instance, the iron 
has been allowed to become spotted with rust, even if the 
rust is apparently well cleaned off before dipping the iron 
surface into the zine bath, a more rapid corrosion, it is said, 
is liable to occur when the zincked article is immersed in 
water. 3 : 

As regards the injurious effects of potable water con- 
taining zinc, the zine oxide or carbonate carried in suspen- 
sion in any large amounts would not be likely to cause 
trouble to health, because most people would usually refuse 
to drink any water so turbid without filtering it. Hence, 
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only the smaller amounts of suspended zinc and that which 
is in solution need be considered. 

While it is true that in the case of the artesian well 
described in this paper no chemist would be likely to advise 
the use of this water on account of the strong suspicion of 
sewage contamination, yet it is suggestive of possibilities 
where the water is not submitted to a chemist for examina- 
tion.. 

An interesting paper on the use of zincked or galvanized 
iron for the storage and conveyance of drinking water was 
contributed by Dr. W. E. Boardman, of Boston, to the Fifth 
Annual Report of the Massachusetts State Board of Health, 
1874, the object of which was stated to be to determine, if 
possible, whether such use of this material was attended 
with danger of zinc poisoning, this having been asserted in 
the Boston /ournal of Chemistry, in commenting upon cases 
of illness occurring at Spot Pond, Melrose, Mass., in 1871. 

To this paper I refer as a concise statement of the opin- 
ions of numerous distinguished authors from 1795 to 1872. 

“From this résumé of opinions and facts,” says Dr. Board- 
man, “‘it may be confidently asserted that the oxide of zine 
as it occurs in drinking water is absolutely harmless.” 

With regard to the carbonate of zinc, he says: “The 
almost universal testimony appears to point conclusively 
also to the innocuity of this compound.” 

The above conclusions are in regard to that which is in 
suspension only. As regards the effects of zinc in a soluble 
form, Dr. Boardman says: ‘“ Admitting, then, that water 
which has been stored in reservoirs or drawn through pipes 
of galvanized iron always contains zinc in solution in the 
form of one or more of its salts, the innocuity of those salts 
an the quantities in which they occur is attested by the experi- 
ence and experiments of the various distinguished observers 
to whom we have already referred. While they admit the 
deleterious influences which may be occasioned by the 
soluble salts of zinc when taken internally in sufficient 
quantity or for a long time, they are unanimous in the 
recommendation of the use of zincked iron for the storing 
and conveyance of water.” [The ttalics in the above quotations 
are the writer's. | 
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In most of the cases considered only a very small amount 
of zinc was found in solution; and Dr. Boardman expressly 
states that he does not include in his consideration the 
effects of waters obviously unfit for drinking on account of 
sewage pollution or other abnormal qualities. 

Dr. Boardman, in the above-mentioned résumé, has fol- 
lowed the older writers on Materza Medica, but since the 
publication of his paper opinion seems to have become 
somewhat modified. 

; Dr. Bartholow, in his work on Materia Medica and Thera- 
peutics (3d ed., 1880, p. 220, e¢ seg.) says of the physiological 
action of the salts of zinc: “The preparations of zinc are 
active in proportion to their solubility and power of diffu- 
sion. The chloride sulphate and acetate are the most active, 
and in the order in which they are placed; the carbonate 
and oxide being insoluble have very feeble diffusive power 
and possess consequently very slight activity.” 

“Long-continued use of the sulphate, even in shane 
medicinal doses, may excite ulceration of the mucous mem- 
brane. The oxide and carbonate, although insoluble and 
inactive, slowly produce systematic effects.” 

“All of the salts of zinc when long continued may produce 
a train of symptoms not unlike those caused by lead, viz: 
Emaciation, pallor, loss of strength, constipation and colic, 
muscular weakness and trembling, paralysis, etc.” 

“The oxide in large doses and used for a long period has 
produced wasting and fetid breath, gastro-intestinal 
catarrh, weakness and feeble mind.” 

“The zinc salts manifest much less tendency to accumu- 
late, and are excreted much more rapidly than mercury, 
lead and copper.” 

The symptoms above described by Dr. Bartholow are, of 
course, to be understood as produced by very much larger 
quantities of zinc than ordinarily occur in water. Never- 
theless, the older opinion of the almost absolute innocuity 
of the more insoluble forms appears to be seriously ques- 
tioned, and our sense of security is correspondingly some- 
what disturbed. 3 | 

That zine may also occur ina soluble form in drinking 
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water in quantities which may be almost called medicinal is 
shown by the analysis of this artesian well water. It is 
now well known that, as regards lead, the long continued 
daily use of water containing a small fraction of a grain of 
the metal in a gallon has had distinctly marked effect upon 
the system, and the chemist is advised to condemn a water 
carrying more than one-tenth of a grain per gallon. This 
is largely in consequence of the cumulative power of this 
metal. Zinc not possessing that power in so great a degree 
is proportionately less injurious. 

It is true that large communities have been accustomed 
to drinking water slightly contaminated with zine without 
any effects being apparent that could beattributedtoit. Thus 
we may instance a large experience in this city and vicinity. 

And, again, I find in The Analyst (vol. iv, pi 5a), am 
abstract of a paper by E. Hylius, in which he says that the 
presence of minute quantities of zinc does not seem so 
injurious to health as is generally believed. That author 
analyzed a sample of spring water from Tuttendorf, in Ger- 
many, and found it to contain o'007 grams of zinc oxide per 
liter, equal to o'49 grains per imperial gallon; and he was 
assured that the water had been drank by the population 
for about a century. 

-This sort of evidence is, however, not conclusive by 
itself, for many obscure symptoms which may really be 
caused by small amounts of metallic poisons are Hable to be 
attributed to a variety of other causes. The same argu- 
ment may be used with regard to a public water supply 
from a river decidedly polluted with sewage. In the ab- 
sence of an epidemic, it is often very difficult either to prove 
or disprove the precise deleterious effects of a sewage pol- 
luted water supply on the population of a large city. 

In the same manner it has been shown that in the case of 
a town in Scotland, supplied with water containing a very 
large amount of sulphate of lime, the inhabitants did not 
appear to suffer any injurious consequences from drinking 
such a water. Yet it is a well-established opinion among 
sanitarians that excessive amounts of sulphate of lime in 
drinking water are undoubtedly productive, as a general fact, 
of diseases of the digestive organs. 
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Still it must be conceded that the weight of practical 
opinion is decidedly on the side of the innocuity of the use 
of galvanized iron for water pipes. Thus, as a result of a 
discussion at a meeting of the German Society of Gas and 
Water Engineers, H. Bunte collected in 1887 information 
to show that the use of galvanized pipes should be in no 
way detrimental to health. Dr. V.Ehmann, late Director of 
the Water Supply of Wiirtemburg, stated that objection to 
such pipes cannot be taken on sanitary grounds, and he 
considered them peculiarly suitable for use in the interior 
of buildings. 

_English authors on sanitation have always been opposed 
to the use of zinc for roofs which are to be utilized for the 
collection of rain water for drinking and culinary purposes. 

Neither should lead or lead-coated sheet iron, called 
terne plate, for roofing purposes be used under such cir- 
cumstances. Sheet copper is equally objectionable. All 
these metals or metallic combinations, if unprotected by a 
suitable paint, will be corroded by the free acids frequently 
found in the atmosphere of rural localities as well as of 
cities; and, also, by the ammonia always more’or less 
' present in rain water, which exerts a solvent action upon 
copper. The corrosion of copper by the impurities of rain 
water is known from practical experience with copper-roofed 
buildings in Europe. | 

In conclusion, therefore, it may be said that while undet 
usual conditions of water-supply with pure water gal- 
vanized iron pipe may be advantageously use for its con- 
veyance without detriment to health; yer, too much con- 
fidence should not be placed upon it. All the conditions 
under which the zincked pipe is to be used should be care- 
fully considered, including a chemical analysis of the water; 
and, in the presence in the water of considerable amounts 
of certain saline substances, such as ammonia salts, chloride 
of sodium and nitrates, as well as very small amounts of 
free mineral acids, etc., galvanized iron should not be used 
at all. Under such circumstances, only pipes coated with a 
non-metallic interior surface should be used. 
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UTAH OZOKERITE.* 


By ALFRED N. SEAL, S.B. 


[ Read at the Stated Meeting of the Chemical Section, October 21, 1890. | 


Ozokerites, in general, have been quite frequently studied, 
but Utah ozokerite has not been very fully investigated, 
and the results which have been published are of a conflict- 
ing nature. Prof.S. B. Newberry publishes + certain results 
as follows: “Its melting point is 61°°5. | 


Composition— 
Reich oe et tere Wi Wel inal ADE Cia An ge 86°15 
Th si se Ok ae wk a ee a Is'7s 


999° 
It distils without decomposition, is not altered by strong 
acids or by hot alcohol, but is soluble in ether, turpentine 
or naphtha.” He considers it a mixture of paraffines, possibly 
containing some admixed olefines. Wurtz, { depending 
almost entirely upon calculations of analyses made by other 
chemists, pronounces the material to be an olefine. He 
states in proof of this that he has found the action of sul- 
phuric acid upon it to be violent, with copious evolution of 
SO,. He also states that the material does not crystallize 
from solvents, thus differing from the paraffines. As will 
be shown, the work which was here done upon this sub- 
stance disproves several of the statements made above. 
The material is of a dark brown color, of wax-like consist- 
ency, and has a foliated structure. Occurring with it were 
bundles of crystals of a white fibrous mineral, which showed 
by analysis that it was gypsum. The melting point is 53° 
to 55°; the specific gravity ‘9285. The material is easily 
soluble in warm benzene, petroleum spirit, ether and carbon 
bisulphide. The dilute solution is highly fluorescent. 
- Alcohol precipitates a solid from the solution in benzene, — 
and when the precipitation is carried on slowly, most of the 


* Abstract of a thesis for degree at the University of Pennsylvania. 
+ Eng. and Min. Jour., March 22, 1879. 
} Eng. and Min, Jour., July, 1889. 
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coloring matter comes out with the solid first precipitated, 

leaving a more or less clear solution. This, of course, 
shows that the coloring matter is less soluble in alcohol. 
than the light colored solid which finally comes down with 
excess of alcohol. This is contrary to the result~of Beil- 
stein* with Caucasian ozokerite, he stating that the coloring 
matter is the more soluble of the two substances. 

On boiling a portion of the ozokerite with absolute 
alcohol and then chilling the liquid, a pure white solid 
separated out in pearly scales, while the black residue sank 
beneath. The extraction was never complete, the residue, 
after having been subjected to this treatment in an extrac- 
tor for two days, still showing traces of the white material, 
thus thwarting all attempts at obtaining a quantitative 
estimate of the amount of the white material in the ozoke- 
rite. However, by chilling the solution from the extractor, 
filtering, drying and weighing the white solid, it was found 
that at least sixty per cent. of the ozokerite consisted of this 
white hydrocarbon. This white material was further puri- 
fied by dissolving in boiling absolute alcohol, allowing all 
traces of oily material to settle, and then pouring the clear 
solution through a warm filter. This filtrate, when chilled, 
gave the white solid in waxy plates. 

By combustion, this hydrocarbon showed the following 
composition. Weight of substance taken, -2013 grm; weight 
of CO, found, 6297 grm., corresponding to ‘1720 grm. C., 
weight of H,O found, ‘2603 grm., corresponding to ‘02901 
germ. H. | 


Oe a ee ee ey 85°44 
ius ie i ica s seks cava tins me AAP eee 14°45 
99°89 


A second analysis was as follows: Weight of substance 
taken, 1797 grm.; weight of CO, found, °5622 grm., corre- 
sponding to 1536 grm. C.; weight of H,O found, °2352 grm., 
corresponding to ‘0262 grm. H. 


a aia e es Ci pier sis es Rea eaten aha 85°47 
a re dat tw als ot ww Pall De 14°57 
100°04 


* Ber. 16, 1574. 
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This white hydrocarbon, when melted, became of a yel- 
 lowish color, of a waxy constituency, and had the specific 
gravity ‘9708. It was easily soluble in all the solvents men- 
tioned for the crude ozokerite, and in addition was soluble 
in hot absolute alcohol and in hot acetone. 3 
To ascertain whether this substance was a saturated or 
an unsaturated hydrocarbon, a solution of it in CS, was 
treated on the water bath with a solution of bromine in the 
same solvent, the latter allowed to run in slowly. There 
was no decolorization of the bromine solution, no fumes 
were given off and apparently no action took place. This 
indicates that the material is a saturated hydrocarbon. 
Two grammes of the white material were then treated with 
about 15 cc. of concentrated H,S5O, No action took place 
in the cold. The flask was then heated for two hours at 
75° and then for a few minutes at 100°. Only a very faint 
odor of SO, was perceptible. A large excess of water was 
then added and the whole warmed, well shaken and then 
chilled. The cake of wax which rose to the top was darker 
in color, but not blackened. The filtrate was neutralized with 
PbCO, and filtered. The solution was then evaporatedto dry- 
ness, when a very small amount of a yellowish salt, insoluble 
in water, remained. This marked resistance to the action 
of a strong acid indicates that the material is a parattine. 

The white hydrocarbon when highly heated broke up 
into. an oily mass anda solid, together with carbon, and had 
an empyreumatic odor. 

To determine, if possible, the molecular weight of the 
hydrocarbon, the Raoult method was employed. ‘The appa- 
ratus recommended by Beckman was used, with a ther- 
mometer graduated to tenths. The solvent used was 
benzene which had been purified by crystallization, the 
freezing point of which was 5°°5. Tetra-and di-bromdiacetyl 
were used in standardizing the solvent. The results were 


as follows: 
MOLECULAR WEIGHT. 


ee nb g," 


From Formula 
with 49 as  Theo- 
oe yan Y i A, constant. retical, 


Carigosts, = cA 13°9240 "4233 “1315 371 370 
CAO Bry, Say, apa °3240 "2470 198 212 
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Hence, in working with the paraffine, the factor 49 was 
employed as given by Raoult for neutral organic substances 
with benzene as the solvent. 3 

In trying to employ the method with the paraffine, great 
trouble was experienced, the solubility of the substance in 
benzene at 5° being so slight that it was necessary to have 
a solution so dilute, that the depression of the freezing 
point was only ‘1°. On using a less dilute solution, the 
paraffine separated out in the form of a jelly, when the 
solution was cooled. ‘The results were as follows: 


Average for 
cE. i - A. M. M. 
“4 14°8625 0853 ‘1742 280 256 


2 | 26.2820 "£253 ‘2097 2%3 — 


Four grammes of the crude ozokerite were treated with 
concentrated H,SO, in the same way that the white hydro- 
carbon had been. A decided odor of SO, was noticeable, but 
no such fumes or violent action as noticed by Wurtz was 
observed. A white granular residue, weighing about ‘2 
grs., remained on evaporating the neutralized filtrate. This 
indicates that there was contained in the crude ozokerite a 
small proportion of olefines, which were attacked by the 
sulphuric acid. The small amount of a salt obtained from 
the white hydrocarbon was probably due to the fact that a 
complete separation had not been effected by the means 
employed. 

A yellow, oily material, with a melting of about 40°, was 
obtained as a residue in the purification, since its solubility 
in hot alcohol was less that of the white hydrocarbon. This 
could not be obtained pure in sufficient quantities to war- 
rant an investigation, but its sce aaah hig would seem to indi- 
cate that it was an olefine. 

The results given evidently do not agree with those given 
by Wurtz. The main mass of the ozokerite is not readily 
attacked by reagents, and does crystallize very readily from 
solvents. This is sufficient proof to show that it is a paraf- 
fine. The melting point and percentage composition of the 
hydrocarbon would designate it as one of the higher paraf- 
fines, and would place it about C,,H,. The molecular 

c7 
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weight, as given by the Raoult method, would give about 
C,,H., The true formula, if itis a simple body, probably 
lies between these two. 

No attempt has been made to deduct the chemical nature 
of the material from the analyses, since, with so great a 
molecular weight, a difference of two hydrogen atoms, 
necessary to distinguish a paraffine from an olefine could — 
not be determined. 

The specimenof ozokerite upon which this investigation 
was made was furnished me by Dr. Sadtler, under whose 
direction the work was carried out, and to whom, as wellas 
to Dr. Keller, my thanks are due. 


UNIVERSITY OF PENNSYLVANIA, June, 1890. 


PROCEEDINGS. 


[Stated Meeting, held ai the Institute, Tuesday, November 18, 1890. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 18, 1890. 


Mr. T. C. Palmer, President, in the Chair. 


Members present: Dr. L. B. Hall, Dr. H. W. Jayne, Mr. H. Pemberton, 
Jr., Mr. C. J. Semper, Dr. S. C. Hooker, Dr. Wm. 'H. Greene, Prof. E. FF. 
Smith, Mr. Reuben Haines, Mr. W.. W. Macfarlane, Mr. A. A. Moore, De. 
Wm. H. Wahl, Mr. Philip S. Clarkson, and a number of visitors. 

The election of Mr. Cabell Whitehead, of the Mint Bureau at Washing- 
ton, as an associate member of the Section, was announced. 

Mr. Pemberton nominated Mr. Richard D. Baker, 216 South Third Street, 
Philadelphia, as a member of the Section. The nomination was referred to 
the Committee on Admissions. 

- A letter from Mr. Heyl, the Actuary of the Institute, was read, in which 
certain recommendations were made relative to the course to be pursued in 
paying bills for journals, etc., the contracting of which had already been 
formally sanctioned by the Section. The views expressed met with the 
approval of the Section and the Secretary was. directed to so aston the 
Actuary. 

On motion of Mr. Pemberton, it was voted that the Secretary of the 
Institute be authorized to renew the subscriptions to the journals aken by 
the Section. 

Prof. Smith moved that the Section subscribe for the Bulletin of the 
French Chemical Society ; the motion was carried. 
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At the suggestion of the treasurer it was voted that he be authorized to 
purchase 1,000 envelopes for the use of the Section. 

On motion of Mr, Pemberton, it was voted that the Section suggest to the 
Library Committee of the Institute the propriety of completing the sets of all 
the journals taken by the Section. : 

The report of the Committee on the Publication of the Paper by Dr. 
Masser, of Los Angeles, Cal., on ‘‘ The Curve of the Elements,” and also 
another by Dr. Hans von Strombeck, of New York, on ‘‘ The Constants of 
Ammonia,’’ was accepted and the committee was discharged. 

On motion of Dr. Wahl, it was voted that a committee be appointed to 
prepare a circular-letter addressed to chemists at large, setting forth the 
facilities possessed by the Section to receive, examine and publish promptly 
papers of meritorious character on chemical subjects. 

In this circular-letter, he proposed also to call attention to the fact that a 
number of printed copies of an accepted paper would be returned to the 
author, within two weeks of the date of its acceptance by the Section; and 
furthermore to the fact that the publications of the Section are forwarded 
promptly, as advance sheets, to the leading chemical journals at home and 
abroad. 

The following nominations of officers for the ensuing year were then 
made: For President, Dr. Wm. H. Wahl; for Vice-Presidents, Mr. H. 
Pemberton, Jr.. and Dr. Wm. H. Greene; for Secretary and Treasurer, the 
present incumbents in each case; for Conservator, Dr. Wahl. 

_ Dr. Greene then presented a paper by himself and Dr. Wahl, on ‘*Alloys 
of Sodium and Lead.’”’ It was referred for publication in the Journal. 

Dr. Greene also stated that he would submit a number of specimens of 
new alloys proposed by the authors at the next meeting. 

Dr. Wahl then read an abstract prepared by Prof. C. F. Himes, of Car- 
lisle, describing a new photographic process without the use of metallic salts,. 
based on the light sensitive properties of primuline. It was referred for 
publication. In connection with this paper Mr. Macfarlane stated that the 
active substance of the process, known as “ primuline,”’ and the primuline 
dyes in general, had been abandoned in dyeing, because of the fact that they 
would stand exposure to direct sunlight for only a short time before fading 
out. 

Dr. Jayne called attention to a chart illustrating clearly the details of the 
new process for manufacturing nitric acid, invented by Oscar Goodman, and 
recently described in various journals. 

Mr. Palmer exhibited a piece of logwood which was unusual in present- 
ing a bronzy green surface, such as is commonly found only in chipped 
wood that has been put through the process of curing. This fragment was 
part of a log six feet in length, taken from a wind-shaken tree through which 
rain-water had percolated. The rain-water, probably by the action of the 
ammonia contained in it, had produced a result analogous to that secured 
by the usual curing process. 

Adjourned. Wm. C. Day, Secretary. 
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ALLOYS or SODIUM anp LEAD. 


By Wm. H. GREENE AND Wm. H. WAHL. — 


[Read at the Meeting of the Chemical Section, November 18, 1890.] 


Recently, in the course of certain investigations, in which 
we had occasion to make use of alloys of lead and sodium, 
we found that the properties of such alloys did not cor- 
respond with what we had anticipated from previous publi. 
cations on the subject, and we were led to ‘an examination 
of the properties of lead-sodium alloys of definite composi- 
tion. These alloys may easily be made by direct combina. 
tion, and the products are then sensibly constant in composi- 
tion, which is not the case when they are prepared by 
reducing lead oxide by carbon in présence of soda, or by 
heating litharge with sodium tartrate, as described by Van- 
quelin and Serullas. | 

The required quantity of sodium was “added to lead 
melted in a covered crucible, and the alloy was roughly 
analyzed by determining lead only. Our alloys contained 
from three to thirty-one per cent. sodium. ‘They are all 
brittle and crystalline; all decompose water, that containing 
the least sodium producing a hardly perceptible evolution 
of gas, while that containing thirty-one per cent. reacts with 
violence. Téhe brittleness and oxidability increase with the 
percentage of sodium. The richest alloy is greenish in 
color and instantly blackens on exposure to air. | 

We made special examinations of the alloys correspond- 
ing in composition to Na,Pb,, Na,Pb and Na,Pb: the first 
of these contained ten per cent. sodium, the second 19°5 per 
cent, rather more than would be indicated by the formula, 
while the last contained 31:7 per cent. The densities 
were determined in aniline and found to be considerably 
higher than would be the densities of mixtures of the same 
composition. ‘Thus the ten per cent. alloy has a density of 
6oI, the 1I9°5 per cent. a density of 4°61, and the 31°7 
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per cent. alloy a density of 3°81. The densities of corres- 

ponding mixtures would be 5°6, 3°7 and 2°7, respectively. 
The theoretical and calculated percentages of Na in 

alloys of above assumed composition compare as follows: 


NayPbe NagPb NayPb 


ree ae theory, i. 10 18°18 30°8 


Pe er a ge fe) Ig'5 31°7 


THE ACTION oF HYDROGEN SULPHIDE GAS UPON 
METALLIC AMINES. 


By EpGAR F. SMITH AND HARRY F. KELLER. 


3 [Read at the Stated Meeting of the Section, held October 21, 1890. | 


When pure, dry hydrogen sulphide gas was conducted 
over palladammonium chloride, Pd (NH,Cl),, no change 
occurred in the appearance of the compound. However, on 
applying a gentle heat (70°-80° C.) to the boat containing 
the metallic amine, the latter gradually assumed a black 
color. This change extended throughout the entire mass. 
Upon increasing the heat ammonium chloride was volati- 
lized. .The residue was found to consist of palladium and 
sulphur. Single mineral acids were without effect upon it. 
Aqua-regia attacked it very slowly. 


(I) — 03790 gram of Pd (NH,Cl), gave o'2498 gram of the black 
sulphide. Assuming that the latter is represented by the formula PdS, the 
required monosulphide for the quantity of pea damien chloride used 
would be 0°2484 gram. 

(II) 0°2795 gram Pd (NH;C1), gave 01822 gram sulphide, while the cal- 
culated amount should be 0°1831 gram. | 


This behavior of the palladammonium chloride led us to 
expose the following metallic amines to the action of hydro- 
gen sa ie gas: 3 


PURPUREO -COBALTIC CHLORIDE (Co,Cl,, 10oNH,).—0°5287 
gram of this substance, finely divided, were weighed out in 
a porcelain boat. The latter was placed in a combustion 
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tube of hard glass. This was in connection, on the one 
side with a drying apparatus, on the other with a Peligot 
tube containing water. The latter served to produce a 
back-pressure of the gas, andin this manner the boat and 
its contents were constantly surrounded by an atmosphere 
of hydrogen sulphide. The gas was at first allowed to act 
in the cold. It produced an immediate change. The cobalt 
amine assumed an intense black color. To all appear- 
ances the change was complete in a few minutes, and ex- 
tended through the entire salt. On the application of a 
gentle heat (80°) ammonium chloride volatilized. Later the 
heat was raised, and a current of carbon dioxide substi- 
tuted for the hydrogen sulphide. The boat was allowed to 
cool down in this gas. The final product was dense, and 
black in color. Its weight was 0'2258 gram. Assuming 
the change of the amine was to sesquisulphide the amount 
of the latter, corresponding to 0°5287 gram of the amine, 
would weigh 0°2253 gram. On examining the sulphide it 
was found to consist of sulphur and cobalt. 


ROSEO-COBALTIC SULPHATE (Co,(SO,),,10NH, + 5H,O). 
—This salt, too, sustained an immediate change when acted 
upon in the cold by hydrogen sulphide. There was in addi- 
tion a simultaneous evolution of moisture, and stellated, 
colorless crystals appeared on the walls of the combustion 
tube. These gradually dissolved in the water present, and 
imparted to it an intense yellow color. The crystals were 
(NH,).5,. On gently heating roseo-cobaltic sulphate in a 
stream ot hydrogen sulphide, it invariably happened that 
when a temperature of 70° C. was attained, the black mass, 
in the boat, swelled up considerably, and was projected into 
the tube. Some deep-seated change occurred, which we 
are not prepared to explain at present. 


LUTEO-COBALTIC CHLORIDE (Co,Cl,,12NH,).—This salt was 
affected by hydrogen sulphide in the cold, although heat 
was required to bring about acomplete change. One quan- 
titative determination gave the same result as was obtained 
with purpureo-cobaltic chloride, 7. ¢, the product was 
evidently cobalt sesquisulphide. : 
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Of the cobalt amines examined, the roseo-derivative was 
most rapidly changed by the gas. We have good reasons 
for believing that we can make this reaction serviceable in 
the determination of cobalt in these bases. 


PURPUREO-CHROMIC CHLORIDE (Cr,Cl,,10NH;).— We ex- 
posed this salt for a long period,in the cold, to the influence 
of hydrogen sulphide, without its sustaining any altera- 
tion. On raising the temperature so that it was slightly 
lower than the dissociation temperature of hydrogen sul- 
phide, the purple-colored amine became quite black in color. 
It had a velvety appearance and resembled the chromium 
sesquisulphide obtained by other methods. 


(I) 0°6390 gram substance gave o’2640 gram sulphide. The theoretical 
amount should be 0°2629 gram. : 


When this sulphide is exposed to a high heatin a cur- 
rent of hydrogen gas, it parts very slowly with its sulphur. 

It is our intention to apply this reaction to other metallic 
amines as soon as we can do so, though at present our work 
has been interrupted by unforeseen circumstances. 


UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, October 17, 1890. 
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A NEW PHOTOGRAPHIC PROCESS WITHOUT 
METALLIC SALTS. | 


This process was presented at the recent meeting of the 
British Association for the Advancement of Science, by Mr. 
A. G. Green, and his co-laborers, Messrs. Cross and Bevan, 
ina paper detailing highly successful experiments with 
primuline for producing. designs on cotton, linen or silk 
cloths, on paper, and, by aid of gelatine, on glass, etc., by a 
“photographic method of dyeing and printing.” The pro-. 
cess requires no longer time of exposure than that with 
silver salts, whilst it has a more general range of sensitive- 
ness in the spectrum, and at the same time affords the 
choice of a great variety of colors for the finished prints; 
and as primuline is a commercial article used on a large 
scale, it is comparatively inexpensive. The process will 
only be outlined in brief. Primuline, a coal-tar product, is 
an amido-sulphonic acid discovered by Mr. Green, in 1887, 
and named by reason of the primrose yellow color imparted 
by it to cotton in alkaline solution, without a mordant. It 
has been quite extensively used for producing a great 
variety of colors in cotton cloth by dazotizing the compound 
in the cloth dyed with primuline, by passing it through a 
weak solution of nitrous acid, or rather of a nitrite with an 
acid, and thus imparting to it the property of combining 
with various phenols or amines to produce in the fabric a 
variety of highly colored, very fast dyes—the so-called in- 
grain colors, the particular color in any case being deter- 
mined by the phenol or amine employed in solution rend- 
ered acid or alkaline as may be necessary. It was found 
that the diazotized compound is extremely sensitive to 
light, which destroys this property of combining with the 
phenols and amines, so that a fabric dyed with primuline, 
then washed and treated with nitrite of soda and acetic 
acid, and again washed, and then exposed, either moist or 
dry under any design, as a drawing or a negative, will lose 
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the property of becoming dyed by the phenols and amines 

in the parts acted upon by light, so that in a subsequent 
treatment with a suitable amine or phenol, as a developer, 
only the protected parts will become dyed, and a print will 
be produced having the positive or negative character of 
the original. Thus the lines of a drawing will be repro- 
duced in color. By selection of the suitable developer not 
only one of a great variety of colors may be given, but by 
applying two developers, mixed with starch paste locally by 
means of a brush, two colors may be produced in the same 
fabric. The fixing of the print is accomplished by simply 
washing it with water. The following developers were 
given: For red, an alkaline solution of beta-naphthol; for 
maroon, of beta-naphthol-disulphonic acid; for yellow, of 
phenol; for orange, of resorcin; for drown, a solution of 
phenylene-diamine hydrochloride; for purple, a solution of 
alpha-naphthylamine hydrochloride. Paper for copying 
plans, etc., may be coated by means of a brush or roller. 
The process is in its tentative stage and full of promise in 
many directions. According to an article in the Arztish 
Journal of Photography, based on further experiments, and 
giving working formule, the dressing should be removed 
from ordinary muslin for use by this process; the exposure 
required is less than with ordinary albumenized paper, but 
negatives of greater density are required; and, what is of 
highest interest, a simple aqueous solution of either of the 
common photographic developing agents, eikonogen and 
pyrogallol, will act as an energetic developer, the former 
giving the much desired ink-black tone and the latter a 
brown tone. : Pte Pig eee 3 
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ON SOME CONSTANTS oF AMMONIA.* 


By Dr. HANS von STROMBECK. 


Se ee rman, 


[Read at the Stated Meeting of the Chemical Section, October 21, 1590.]| 


If we have to calculate the dimensions of a refrigerating 
machine it is absolutely necessary to know the exact value 
of the heat of evaporation (latent heat) of the liquid by 
means of which the cooling effect is produced. Though in 
these calculations all designers take the heat of evaporation 
of liquid ammonia to be about 540 English or 300 French 
thermal units, nevertheless many of them claim the heat of 
evaporation of ammonia to be in reality about 900 English 
or 500 French thermal units. The reason for this assertion 
is that on being determined the first time the heat of 
evaporation was found to be about 500 French thermal 
units. But, as afterwards it was proven that the ammonia 
used in this test contained a good deal of water, H. V. 
Regnault repeated the tests with ammonia, absolutely free 
of any moisture, and found the average figure of the heat 
of evaporation to be 294'2 French thermal units. To prove 
once more that this latter figure is correct, and also to decide 
some other questions relating to ammonia, at the sugges- 
tion of Mr. Louis Block, Chief Engineer of the De La 
Vergne Refrigerating Machine Company, I determined by 
a series of tests: 

(1) The specific heat of liquid ammonia; 

(2) The total heat, heat of evaporation and heat of liquid 
of ammonia ; 

(3) The heat of absorption of ammonia; 

(4) The heat of combination of liquid ammonia and water. 

To this is added: 

(5) A table showing cue difference in the figures for the 
total heat of evaporation and the heat of absorption. 


* From the laboratory of the De La Vergne Refrigerating Machine Co. 
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I.--DETERMINATION OF THE SPECIFIC HEAT OF LIQUID 
AMMONIA. 


The determination was made in the usual way: The 
steel cylinder (4) containing the liquid ammonia (J7) was 
suspended ina jacketed drum and heated up to a certain 
temperature (7 + 0,) by means of the vapor of boiling 
methylic alcohol which circulated in the jacket. After the 
liquid ammonia was heated up to a constant temperature, 
which took about six hours, the steel cylinder (4) with its 
contents (47) was quickly put in the brass calorimeter (y) 
which was filled with a certain quantity of distilled water 
(m) of a certain temperature (7). By the heat given to m 
and # by Mand »,, the temperature of the water rose from 
¢ degrees to 7 + d degrees. From the figures thus obtained 
the specific heat of the liquid ammonia can be calculated. 

In the following, all temperatures are in degrees Celsius, 
all weights in grammes, all measures in cubic centimetres, 
all thermal units are French ones. The liquid ammonia 
used in all the following tests was manufactured in the gas 
plant of the De La Vergne Refrigerating Machine Company. 

Its composition was: 


99°926 per cent. ammonia ; 

07055 per cent. mineral oil (liquid base) which originates 
from a patented process used in the manufacture 
of the liquid ammonia; 

O’OIQ per cent. moisture. 

If, in the following: 


M = the weight of the gaseous and liquid 
ammonia and its contaminations in 
_ the steel cylinders ; 
M — ps — fy — fp = the weight of the liquid ammonia; 
m = the weight of the water in the calori- 
TaeTe?r : 
=the weight of the brass calorimeter 
and the metal part of the agitator; 
o = its specific heat; 
poo = its value in water; 
/4 %, = the value in water of the thermometer 
in the calorimeter; 


Q2 
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/_ == the weight of the steel cylinder ; 
do, = its specific heat; 
| fy % = its value in water; 
v = the contents of the steel cylinder in 
| cubic centimetres ; 
¢(Z + 0,) = the specific gravity of liquid ammonia 
at 7 + oO degrees; 
p (7 + 0,) = the pressure in atmospheres exerted by 
2 gaseous ammonia at 7 + d' degrees; 
fs == the weight of the gaseous ammonia 
above the liquid at 7 + o' degrees 
and corresponding pressure ; 

o, == its specific heat at constant volume; 

fs 6; = its value in water; 

/4 = the weight of the mineral oil contained 
in M— yp, grammes of liquid am- 
monia; 

é, s¢,its specific heats. 

/4 0, = its value in water; 

fs == the weight of the moisture contained 
in M— p, grammes of liquid am- 
monia; z 

e(t + 0) = the specific heat of liquid ammonia at 
t + 0 degrees; 

p(t + 0) =the pressure in atmospheres exerted 

by gaseous ammoniaat rt + 0 degrees; 


5 = the weight of the gaseous ammonia 
above the liquid at «+ 0 degrees 
and corresponding pressure; 


[3 — fs = the weight of the gaseous ammonia, 
which became a liquid when the 
temperature went down from 7+ 0, 
to c + 0 degrees; 
ry = the heat of evaporation of liquid am- 
monia in thermal units; 
(43 — #3) 7 = thermal units developed by the lique- 
faction of 4, — 4; grammes of gase- 
ous ammonia; 
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¢ = the temperature indicated by the ther- 
mometer in the water of the calori- 
meter at the beginning of the test; 

* the -teniperature’ indicated: * Dy the 
thermometer in the water of the 
calorimeter at the end of the test; 

0 = the fraction of a degree, which is to be 
added to rt, so as to obtain the tem- 
perature; 

7+ 6 which the water in the calorimeter 
would have had, if no loss of heat 
had taken place by the cooling influ- 
ence of air and by radiation; 
zt + 0—z¢= the corrected number of degrees by 
which the water in the calorimeter 
was heated up; 

/ = the temperature of the gaseous and 
liquid ammonia and its contamt- 
nations in the steel cylinder and 
of the cylinder itself, as indicated 
by the thermometer; 

0, = the fraction of a degree, which is to be 
added to 7}so as to obtain the tem- 
perature; 

T +- 0; which the thermometer would have in- 
dicated if its mercury column had 
not projected over the cover of the 
jacketed drum; 

T + 0, — (t + 0) = the decrease of temperature, which the 
gaseous and liquid ammonia and its 
contaminations in the steel cylinder 
and the cylinder itself underwent; 

x = the specific heat of liquid ammonia 
that is to be determined. 


We have— 
ii Mean? lonae 
(pe Fp + fg 5, + yO, + Me) (T+ 4, ee NY 
(Us — bs) 7 
(MT — pg — fa — Pe) (T + A; hy Paes 0) ) 


i 


AUTHENTICAL PROOFS OF THE DETERMINATION OF THE SPECIFIC Heat oF Liogurp AMMONIA, 


I. a. s: 4. 5. 6. 7. 8. 
M, Poe te Ghee cre 1283 128°I 128'r 128° { 128°r 128'0 128'0 1280 
M— ery, Ue» 127°7516 | 127°5313 | 127°5276 | 127°5146 | 127°5237 | 127°4266 | 127°4262 | 127°4206 
Os a poe 8a es & 980'o } 
Bs eee er oe ay 216°2 
it eb 72. - | 0°0939 
Lo, ics Sea 108030 
M191) eran . 6°37 
fe . i . #1135776 
G2, soak We eae ies 0°11 7687 

+ ‘These values are the same in all eight tests. 

M2 Fn . chee 159°77¢ ; 
Weg ae ey ee ety 262°75 
bay ee ee Wigel We a en rere oO'o71 
Wa a aes ee 0°4618 
M4 O4; we ces 0'033 
Ls Sb ele eee ue 0°024 
ety cs CR eee 294°2 1J 
iia uk EI 0'5470 | 0'5466 | o's47x | 05473 | o'sqé2 | o'gg6g | o'5457 | 075454 
p Fs 01; ee 27°06 27°O1 26°98 26°92 27°41 27°13 27°55 27°69 
/3) Wein ee a ee or " 0°4734 0°4737 0°4774 0°4904 | 0°4813 0'4784 0°4788 0°4844 
Wa oe. ee ee ne 0'3606 0°3606 0 3606 0°3606 0°3606 0°3606 0°3606 0°3606 
Hs G35 1. . 0°1707 o*r718- | Of1721 o0°1 76g 0°1735 0°1795 0°1737 0°1747 
tt 0, gin Sie ae 0°5895 0°5929 0°5926 0°5907 0.5965 0.5892 0.5886 0.5893 
p ca 0, a se : 12°15 12°27 TI°35 II*79 II‘24 12/25 12°45 12°19 
Fay nde ‘ 0°3317 0°3636 0°3624 0°3704 0°3854 0°3784. 0°3833 0°3788 
3 pave ts» . . O°1417 O°rror oO’1I50 0°5200 0°0959 0° 1000 0°C9Q55 o*1056. 
(4s eared ts) Gk 41°68 32°66 3303 35°30 28°21 29°42 28°10 31°06 
z, BR cate age Ae Be < 21°50? 18°25 18 64 20°40 18°00 21°83 22°20 ax'a9 
ee ee a eA ee Wa Ha 31°15 28°71 28°93 30°28 28°67 31°42 32°00 31°38 
0, le Lon Py EG batier 6 aero 0°139 0°092 | 0°09. O°rr4 0°054 O'rIg 0'073 0°095 
ar 0, Gs oan avec 31°289 «=| «28802 29‘02 30°394 28°724 31°530 32°093 31°475 
t+ Oo — Pee re 9°789 10°552 10°38 9°994 10°724 9°709 9°873 10°085 
i, Ses Wee ea apt ear dees 62°17 62°45 62°05 61°97 62.70 62°26 63°02 63°14 
0, Sh cimita Ula Hires wie ski 0°075 0°O77 0'075 0069 0073 0°078 o'07 0°073 
ff Ge 04, Sree Gis See ok ay 62°245 62°527 62°125 62°039 62°773 62°338 63°09 63°213 
rf 7 04 re oh 0), 30°956 33°725 33°105 31°645 34°049 30°799 30°017 31°738 
es OME HT ge Nh ee Oe 1°22888 1°20757 1°21242 I°22941 1°22563 1°22720 I*251g1 1°24707 
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As this result was somewhat surprising, [wanted to make 
absolutely sure that no mistake had taken place in these 
tests; I therefore filled distilled water into the steel cyl- 
inder », and determined its specific heat. As I expected, I 
got a value close to one, namely 0°99302. 

The values of », and 4, were calculated in the following 
manner; I take the figures obtained in the sixth test for 
example: 3 

(1) 3: Z + 0,=62°338° e7 +0,=0'5469 7 + 6, = 27°13 atm. 

i @= 128°O ors’ v = ZOS75™ 1 of caseous 
ammonia weighs at o° and 760™™ pressure 0°0007614 grammes. 
Consequently, if the steel cylinder were entirely filled with 
liquid ammonia, its contents would weigh 262°75 x 0°5469 = 
143°68 gers. As they weigh only 1280 grs., we have the 
following equation: 262°75°™ : 143°68 grs. = #™ : 128°0 gts, 
x = 234:04™ were filled with liquid ammonia. The rest 
262°75 — 234'04 = 28°71 were filled with gaseous ammonia, 
which under the prevailing circumstances weigh 


5°71 X 0'0007614 X 27°13 X 273 

273 + 62°338 
(2) fp: T+ O = 31'530° et + 0 = 05892 Pt + O = 12°23 
atm. Doing the same calculations as above we obtain 
% == 217°43°", or 45°32™ were filled with gaseous ammonia, © 
which weigh 0°3784 gers. 


= 0°4784 gTs. 


II.—DETERMINATION OF THE TOTAL HEAT-——-HEAT OF EVAPO.- 
RATION AND HEAT OF LIQUID OF AMMONIA. 


In making this test I generally followed the course 
taken by H.V. Regnault (cf. Aun. d. chim., xxiv, p. 375; pf.), 
but made the following two modifications : 

(1) 1 introduced the value 1.22876 determined sub. I) for 
the specific heat of ammonia which Regnault supposed to 
be 0°799. 

(2) I determined the value y, (cf. p. 476, pf.) which is 
necessary to be known for the calculation of the total heat 
and heat of liquid. 

The test was made in the following way: The apparatus 
consists of two calorimeters ABCD and EFGH, which are 
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is filled with the liquid ammonia P. During the test the 


ammonia gas escapes through the cock Z (the construction 


of which allows the regulation of the escape of the ammonia 
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Apparatus for the Determination of the Latent Heat of Ammonia. 


a 


Hig. 1. 


tank UVW, put in the second calorimeter, and from it 


into the atmosphere. Small semi-circular plates are spirally 
fixed in these tanks so as to cause the gas to entirely equalize 


ts temperature with that of the surrounding water. A 


small mercury manometer connected with POR allows the 
control of the pressure of the escaping gas at any moment. 
By means of the agitator y, the temperature of the water is 
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kept. the same inall strata. To lessen the influence of the air 
and to prevent the calorimeters as much as possible from 
radiating, the calorimeters are covered with wooden covers 
and the whole apparatus put in a wooden box. 

The first calorimeter with its three tanks weighs 3,800 gts. ; 
fee eecond one 1,570 gts. The specific heat of their 
material (brass) being 00939 their values in water are 356°8 
and 148°3 grs. respectively. Consequently the total weight 
of water (47) which is to be heated up in the first calori- 
meter is 4656°8 gts.; the total weight (J7,) in the second 
calorimeter 748°3 ers. 

In this paper I shall always add to each item the figures 
obtained in the sixth test. What quantity P, (114°63 ers.) 
of the ammonia P (114°95) in tank /KZL (capacity 242°05°™) 
was present in a liquid state, and what quantity P— P, 
(0°32) was present in a gaseous one, was calculated in the 
bame way as #4,inI,p. 472. 

If ZY is the temperature of the water in the first calori- 
meter at the commencement of the test (20°69); 

If 7, is the temperature of the water in the first calori- 
Meecer at the end of the test (13°°82); 

If 7, + 0 is the corrected temperature of the water in 
he first Calorimeter at the end of the test (13°°5725); 

If 7J— (7, + 0) is the number of degrees by which the 
water was cooled down (7°1175); 

pet fr 

2 
meter (17°°255) ; 

If @ 7 is the tension of the ammonia vapor at 7° 
(6643™™) ; 

If @ 7, is the tension of the ammonia vapor at 7,° 
(5252) ; - 


If fee is the average of both tensions (5947™™) ; 


is the average temperature in the first calori- 


If cis the temperature of the water in the second calori- 
meter at the commencement of the test (19°11); 


If t, is the temperature of the water in the second calori- 
meter at the end of the test (18°°83) ; 
c8 
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If tr, + 0, is the corrected temperature of the water in the 
second calorimeter at the end of the test (18°°9816); 

If 7 — (rt, + 0) is the number of degrees by which the 
water was cooled down (0°°1284) : 


If <p “1 is the average temperature in the second calori- 


meter (18°67) 

If ¢is the mechanical equivalent of heat used under the 
prevailing circumstances by the gaseous ammonia for its 
expansion (317°4); 

If c is the specific heat of gaseous ammonia (05084) ; 

If C is the specific heat of liquid ammonia (1°22876). 

The loss of heat, which both calorimeters together 
undergo, is 


M({L—(71,.+ 6)) + M,[t —( + ¢)] = — 331448 ee 
= — 33241°6 thermal units. 


But we have to make some corrections. There are to be 
subtracted : 

(a) The quantity of heat s required by P — P, for chang- 
ing its temperature from ae 


T° to 7°; ¢§ = (P— P)c(T— tr) = — 02 
(8) The quantity of heat g, required by P — P, for 
expanding down to the atmosphere: 


3p O88 POS eT) ge 
a 07614 .€. 273 


9°3 


(7) The quantity of heat s, required by P, for changing 
its temperature from | 
Fe di eat Se cy 
2 2 


after it had become a gas; 


span Pure (ED Eie a Vid 


There are to be added: 
(0) The quantity of heat s,, which would have been 
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required by /,, if it had beea filled into the tank /KL at 


ee he A (T— Se 387-6 


hod 


(¢) The quantity of heat g, required by P,, in order to 
cool itself down to the temperature 7,, at which in reality 
it evaporates in tank /KL. 

From the commencement of the evaporation, as soon as 
the gas begins to expand, the pressure prevailing in /AL 
ceases, being the one which corresponds to 


a degrees, 


but it is lower. But if the pressure become lower, the 
temperature of evaporation must correspondingly become 
also lower, temperature and pressure of saturated vapor 
being dependent upon one another. Regnault, in deter- 
mining the heat of evaporation of liquid carbonic acid, 
determined the decrease of temperature (y,), which must be 
given to carbonic acid, in order to produce a cooling effect 
equal to the one produced, if it expands from a pressure of 
1,000"" above the atmosphere down to the atmosphere. 
This value y,, not being known for ammonia, I determined 
it, entirely following the way used by Regnault, in deter- 
mining y, for carbonic acid. : | 

We first determine the decrease of temperature (y), 
which must be given to the unit of gaseous ammonia, in 
order to produce a cooling effect equal to the one produced 
if it expands from a’pressure above the atmosphere ¢ down 
to the atmosphere, and from the so obtained value y we 
calculate the value y, for a pressure of 1,000" above the 
atmosphere. } 

Ammonia gas is developed in tank A (/zg. 2) and 
passes through thecoils /G lying in the large tank BCDE, 
filled with water. At @ the pipe enters the calorimeter 
weer. Ata, the pipe of an ‘inside diameter: of 5™™ 
suddenly changes to a capillary tube, which at o changes 
again to a pipe of 5™™ diameter. An agitator in each tank 
keeps the temperature of the water equalized in all strata. 
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The ammonia, on entering the capillary tube at ~, has the 
pressure corresponding to the temperature of the water in 
the large tank. On entering the wider tube at o and while 
passing through it, it expands down to the atmosphere. 
We admit that while passing through both tubes, the am- 
monia gas has the same temperature as the water in the 
calorimeter. 
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Fic. 2. Apparatus for the Determination of 


If M4 =the total quantity of water which is to be heated 
up, consisting in each test of 767 or 768 grs. of 
water and 104 gts. value in water of the tank; 

$c = the pressure above the atmosphere expressed in 
mm. of mercury, at which the evaporation of 
ammonia takes place; 

am == the weight of the ammonia; 

3 = the average temperature of the ammonia on enter- 
ing the calorimeter; 
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vd, = the average temperature of the water in the calori- 
Hye ter* 
6 = the change of temperature which the water in the 
calorimeter underwent; 
w = the loss of heat caused by the ammonia by chang- 
ing its pressure from ¢ to the atmosphere /; 
c = the specific heat of gaseous ammonia = 0'5084. 
We have: | 
The gaseous ammonia z entering the calorimeter at d 
and leaving the same at v,, for doing so uses a quantity of 
heat zc (# — #,),its value being positive or negative, accord- 
me to the value of # > or < dv... The quantity of ‘heat 
taken from the calorimeter is 17 0. Consequently we have: 


o+tzc(e—d)=MO orw=MO— 7c (b—d+). 
From the definition given of y follows that 
worzrmey eg i ede 
0 3 


Introducing the above obtained value for w into this 
equation, we have: E 


M@O0—xrc(se—d cy . 1000 
, ( i) and consequently as 7, = rgb 
TC p 
_ [M6 —xc (8 — 3} 1000 
n= 
3 Hc.) 
The tests gave the following figures: 
ie | | eee 8 
| I 2 | 3: 4 
reais es ie ope 
| | | 
d, ee i ee ee ge | 5274°4 mm. | 5259°2 5285°8 5441°6 
| | 
Ee rare | 3067'S gers. | 387°1 | 163°0 169°1 
M, te os 871°0 grs 871'0 | 872°0 872°0 
v, ee ak ew oe | 18°563° | 18°496 | 18°585 19°485 
| | 
o. Ro i he a 17°654° | 14°996 | 19°325 18°871 
oe — v,, ee hale a es | 0°909° | 3°500 — 0840 0614 
0, ed ee yk eee | — 1°538° — 0°9887 | — 0°7403 — 0°7303 
M 0, ee sae ee | — 13396 Cc — 861'2 | — 645°3 — 636°6 
| 
T c(d — a). eae or owe oo eG 688°8 — 69°6 52°7 
Re ea — 15096 Cc — 1550°o —575°7 — €89°3 
a es ee 4 es — 8'07° — 7°86 | — 6°95 — 8'02 
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Taking the average, we obtain y, = — 1°°453. 

We return now to p. 476. Even now we are not able to 
determine the temperature 7, directly, but we can determine 
the pressure (/) at which the ammonia in tank /AZ evapor- 
ated and from it figure the corresponding temperature 7,. 

The gas P, as well that developed by the liquid P, as the 
gaseous one / — P,,expands from the unknown pressure / 
to the atmosphere //, for which it requires a quantity of 
heat g, expressed, according to the above said, by 


equation (1) gute 2 ea 2 ee 


The gas P, byits passing through the second calorimeter 
under the pressure //, takes J/, (tr —(t, + 0,)) thermal units 
from it, during the same time changing its temperature 
from | 


for which purpose 


Pe( ee aut) 


2 2 
thermal units are required. If the gas P, on its entering 


the second calorimeter, had had the temperature 


C.F ey 
Wat, 


which it has on leaving the same, the heat required g, 
would be expressed by 


L + ty =) 


equation (2) ¢. = Mi[e—( +4)] +P, (“4 ; 


Now, if the calculated average pressure 


De ey 
- 2 
be the real prevailing one, 
Dy tte od 
‘ae 
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must be equalto 7. Thus by putting the value obtained for 
Poe, 
ee 
in equation (1) for fand by figuring up both equations for 
go, we must, of course, obtain the same value for g, if our 
supposition | 


es 


to be equal to f be correct. Again, taking the figures 
obtained from the sixth test, we have 


From equation (1) g, = — 483°3 

From equation (2) g, = — 191°t 
_ whence follows that fis not equal 
hi ee 


but smaller. If we introduce the value obtained from equa- 
tion (2) for g, into equation (1) and figure it up for f we have 


pe ae 
if. ¢ 


This was the real prevailing pressure at which the liquid in 
tank /KLZ evaporated. 

The boiling point 7,, corresponding to this pressure, is 
— 0°06. Consequently we have— 


Q=PC Cee re T,) =— 2446'1 


Thus, the total heat (Q) required by the quantity of 
ammonia (P), at a certain temperature 


(ae 
2 
is 
Q=M[(T—(7,4+ 0)]+ 4 [r-—(,+4)|—s—e¢ 
: — 5S, + 5+ Gg = — 35965'8 . 
or 
The total heat (A) required by the unit is 


ss = — 313°7 thermal units. 
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The heat of liquid (¢g) of the unit is 


4 — — 21°3 thermal units. 


The heat of evaporation (7) of the unit is 


In the accompanying table, I give the figures obtained 
in the tests. 


III.—DETERMINATION OF THE HEAT OF ABSORPTION OF 
AMMONIA. 


The tests were made in the following way: The gas is 
developed by liquid ammonia contained in tank AB (Pig. 3). 
In order to have an as constant development of gas as pos- 
sible during the test, tank AZ is put in tank CD filled with 
water. Cock Z is of the same construction as cock Z in the 
preceding tests. The gas has to pass through the low 
stratum of mercury in the glass tube A/, and so its velocity 
can be controlled exactly. From hence the ammonia gas 
has to pass through the glass-coils GH. By passing through 
these coils lying in tank /X, the water of which is always 
renewed, the gas enters the absorption tank VOPQ at an 
almost constant temperature. The pipe AS reaches almost © 
to the bottom of the tank and dips into a small glass 
tube secured in a piece of cork and filled with mercury, in 
order to prevent the water from rushing up in this pipe 
after it came in contact with the ammonia. 

In each test 11,000 grammes of water are put in the absorp- 
tion tank; its value in water being 245 ers., the weight of 
water (J7) which is to be heated up is 11,245 grs. The 
quantity of ammonia gas (Pf) absorbed by the water is 
obtained by taking at the end of the test 100°™ from the 
absorption tank, determining its contents of ammonia and 
multiplying the figure by 110. ‘ 


: 
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Fig. 4.—Apparatus for the determination of the heat of combination 


of ammonia. 
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I shall add to each item the figures obtained in the 
second test. 
If in the following: 

P is the weight of ammonia which was ab- 
sorbed (108°67 erts.); 

U is: the temperature of the water in the 
absorption tank at the commencement of 
tie test (i583); 

dé, + 0 is the corrected temperature of the water 
in the absorption tank at the end of the 
test (20°°79); 
G+ 6, 
2 


is the average temperature prevailing in the 


absorption tank during the test (17°°84); 


= a "lis the average temperature of the Any 
monia on entering the absorption tank 
Peele atk 
g uy oy 7 a ‘1 is the difference of both temperatures 
(0°°53); 


— (6, + 0) is the number of degrees by mhich M was 
heated up (4°°88); 
c is the specific heat of gaseous ammonia 
(075084). 
The heat (Q) developed by P is 


M {0 — (6, + 0) | = 54875°6 thermal units. 


But we have to make one correction, it is to be added: 
The quantity of heat (s) required by P for heating itself 
up from 


rot, a ie og Page ee 
5 to tm Pe ( ; ; } = 298 


Consequently we have 
| OQ = 548756 + 29°3 — 54904:9 
or the heat developed by the unit () is equal to 


Ws — 505-3 thermal units. 
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IV. DETERMINATION OF THE HEAT OF COMBINATION OF LIQUID 
AMMONIA AND WATER. : 

The tests were made in the following way: To tank 4 
(Fig. 4) which through the hole ¢ is to be filled with am- 
monia / is secured the pipe &, which has at its end the cock 
£ and the union O; cock & can be handled by G. Union O 
can be connected with union J, terminating into the bottom 
of tank 4, which is to be filled with water. Support / serves 
the purpose of making the whole apparatus steadier. I first 
made the connection between the upper ammonia- and the 
lower water-tank by a straight pipe going from the bottom 
of the upper to the top of the lower tank. In its middle a 
cock was placed which could be handled in the same way as 
the now present cock. But in this case at the place of con- 
tact between both fluids, a saturated stratum of aqueous 
ammonia is formed which, being heavier than liquid am- 
monia and lighter than water, does not move at all, but stays 
where it is, thus preventing both fluids from combining 
with one another. On the other hand, it will not do to put 
the liquid ammonia in the lower tank and the water in the 
upper one, for, it being next to impossible to fill a tank 
entirely with a fluid of such a low boiling point as liquid 
ammonia, there would always be left a small space filled 
with gaseous ammonia which, of course, would be at the top 
of the lower tank. Consequently, we would not determine 
the heat of combination but would again determine the 
heat of absorption. 

In the following I shall add to each item the figures 
obtained in the first of the five tests I made. 

Tank A is weighed empty, cocks £& and J being closed: 
and Z shut by a plug. Then it is filled with as much liquid 
ammonia as possible and weighed again. The difference 
between both weights is the one of ammonia / (53°7 grs.). 
At the end of each test it remains filled with ammonia gas 
(P—P,) at atmospheric pressure. The contents of A being 
Ae P—FP, weighs 160 X 0°0007614 =0'1218 grs., which 
are to be subtracted from P, so as to obtain P, (53°58 erfs.). 
After A is filled it and tank B are put in a large vessel with 
water, and after, by proper manipulations, B as well as the 
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connecting pipe between 4 and B are entirely filled with 
water, both are connected. The whole apparatus being put 
in tank A filled with a certain quantity of distilled water, Z 
is connected with a gauge after the plug is removed. The 
agitator / is put in motion, and the thermometer and the 
gauge are observed. As soon as for about five minutes 
the temperature and the pressure have become almost con- 
stant, cock £ is opened. The pressure goes rapidly down to 
the atmosphere, and the thermometer ascends quickly, the 
temperature indicated by it soon becoming almost constant. 
From the figures thus obtained the heat of combining (@) 
can be calculated. 
The quantity of water (J7) which is to be heated up in 

each test, consists of: 2 : 


£TS. 
The value in water of the apparatus,. . . 567°4 


The weight of the water in tank 2, ... 237°0 
The weight of the water intank K, ... 8200'0 
The weight of the liquid ammonium in tank 
A, multiplied by its specific heat, . . . 53°58 x 1'22876 = "653 
M = 9o070°2 
If 


§ = the temperature of the water in tank A at tae 
commencement of the. test (20°°60); 
6, = the temperature of the water in tank A at the 
| énd of the test (21°°77); 
d —6, = the difference between both temperatures (1°170); 


| my = the absolute pressure in atmospheres prevailing 


at the commencement of the test (8°69); 


oy = the absolute pressure in atmospheres prevailing 


at. the end of the test (10); 
the heat developed by the combining of P, (53°58 ers.) with 
water is equal to W% (# — 6,) = 10612'1 or the heat () de- 
veloped by the unit is 


D ned lie ie 1981 thermal units. 
1 


I did not take into consideration the difference of weight 
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between the few cubic centimeters of gaseous ammonia 
being over the liquid at the commencement of the test at 


a and the 160° of gaseous ammonia filling tank A at theend 


of the test at aa because its influence on theresult, if any, 
can only be minimal. 

According to the equivalents of VH;, 7,0,17 grs. of the 
former combine with 18 ers. of the latter to 35 gers. of 
maigC?). Therefore, from a theoretical point of view, 
it would be best to use ammonia and water in these 
proportions ina test. But, because of technical reasons, 
the surface of contact between ammonia and water in an 
apparatus can be only small, so that the diffusion between 
both will take place rather quickly only then if the specific 
gravity of the resulting aqueous ammonia is a great deal 
greater than the one of liquid ammonia; for in this case 
there is always in 6 a descending current of aqueous 
ammonia and an ascending current of liquid ammonia, and 
fresh water comes always into contact with fresh ammonia. 
I, therefore, took the dimensions of tanks 4A and B&B in such 
a way that the ratio between the combining ammonia and 
water was, instead of 17: 18, only about 8: 18. 

The results obtained in the other four tests were: 


2 2 4. 5 Average of all 5 tests. 
fa a ea ke. 59°2 grs. 60°22 55°12 60°20 
rae ON SES are 59°08 gers. 60°10 55°00 60°08 
P x r, ee eee O'12 grs. O°12 o°r2 O'r2 
M, 0 AR See ae 9276'5 grs.| 9277°7 Q271°1 9277°7 
d, NG ee re 21°°29 ee wa | 19°62 ax?"16 
é,, ee ay 22°°48 25°°29 20°°84 22°°47 
g— G,, a ea he a° {10 1°45 £90 20°37 
M (6 —— 6,), . |I1039°0 12524°9 I1310°7 121539 
py Be ws eae es 8°75 atm. 9°68 8°39 8°52 
i ky I I I I 
~, er a a 186'9 208° 4 205°6 202°3 { rl @ ana ae 
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V. TABLE, Showing the amount in French 


‘ELPA; 


and English thermal units 


required or developed by liquid or gaseous ammonia when changing their 
respective states of aggregate and for what these thermal untts are used. 


‘Total heat required by liquid ammonia to 
transform itself at 17°°0 (62°60 F.) into 
saturated vapor, its boiling point being 


in reality at — 0°'86 (30945 F), . .. 0. . — 318°8 (573.8) 1 


Heat developed by th: absorption of gaseous 
ammonia by water at atmospheric pres- 
sure, the temperature of the resulting © 
aqueous ammonia being 169°6 (61°%9 F.), . + 502°3 (g04’1) 


oo 


— 296°8 (534°2) heat of evaporation. 
— 22°0 (39°6) heat of liquid. 


r + 318°8 (573°8) to become a liquid at 

me 09°86, 

+ 46°2 (83°2) to cool itself down from 
— 0°86° to its boil- 
ing point at atmos- 
pheric pressure to 
— BOS ae ae 
122870. 


4 _ 67°6 (121°7) to heat itself up from 


\ — 38° 5 to 16°°6 
= 55h x 1 ee. 
' -- 200°3 (360°5) for chemical work 
done by the com- 
bination of liquid 
ammonia and 
water, 


+ 497°7 (895°8) 
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PROCEEDINGS: 


| Stated meeting, held at the institute, Tuesday, December 16, 1890. | 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, December 16, 1890. 


Mr. T. C. Palmer, president, in the chair. 


Members present: Prof. E. F. Smith, Prof. L. B. Hall, Dr. Wm. H. 
Wahl, Mr. Lee K. Frankel, Mr. H. Pemberton, Jr., Mr. Reuben Haines, Dr. S. 
C. Hooker, Prof. Henry Trimble, and several visitors. 

Dr. Wahl, as chairman of the committee to prepare a circular to be 
addressed to the chemists of the country, reported progress, and the com- 
mittee was continued. The secretary read his annual report to the section, 
which was accepted. 

The election of officers followed, and, on motion, it was decided that the 
secretary cast the vote of the section for the ticket nominated at the Novem- 
ber meeting. Dr. Wahl was escorted to the chair by the retiring president, 
and, on taking his seat, made a brief address appropriate to the occasion. 

On motion of Dr. Hall, it was voted that the officers, president, secretary 
and treasurer, constitute three of the seven members of the committee on 
admissions. | wee 

The following gentlemen were then nominated and elected to fill the 
remaining vacancies in the committee, viz: Mr. H. Pemberton, Jr., Dr. S. 
E. Hooker, Prof. E. F. Smith, Dr. L. B. Hall. 

The president appointed Messrs. Haines and Frankel to act with the 
secretary as members of the finance committee. 

Dr. Wahl referred to the approaching convention of chemists, to be held 
shortly in this city, stating what had been done by the local committee to 
arrange for the event, and expressed the wish that the members of the section 
would second the efforts of the local committee to make the visitors welcome. 

Dr. Greene exhibited specimens of the alloys of sodium and lead, dis- 
cussed in the paper by himself and Dr. Wahl at the last meeting. They 
were examined with much interest. 

Adjourned. | Wo. C, Day, Secretary. 
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ON soME ‘DERIVATIVES or LAPACHIC ACID. 


By SAMUEL C. HOOKER and Wo. H. GREENE. 


[Read before the Chemical Section, March 18, 1890. | 


In a preliminary paper* published by the authors, it was 
shown that the conversion of lapachic acid into lapachone,t 
by the action of strong mineral acids, probably occurs in two 
stages, as indicated in the following equations: 


OH 


Lapachic Acid. 


O ’ 
C,H, CH=CH — CH + Hoe 


O 
CH? CH,—-CH(OH)— Ci, = 
OH , 


Oxyhydrolapachic Acid. 


eee 
eee 


— 


O 
Ci GH, OH ~ Oe ae 


Lapachone. 


In support of this view it was stated that lapachone can 
be readily converted into oxyhydrolapachic acid, and that 
this acid, under the influence of mineral acids, again readily 
passes into its anhydride lapachone. 

The details of these experiments, which have not yet 
been printed, will be published in this paper. 


CONVERSION OF LAPACHONE INTO OXYHYDROLAPACHIC 
ACID. : 


The action of aqueous potash on lapachone has been 
studied by Paterno,t who writes as follows: “In aqueous 
potash of medium concentration lapachone does not dis- 
solve in the cold; on heating it passes into a fine purple-red 


* This Journal, 128, 142. 
+ Gazz. chim, Ital., 12, 372; 
{ Gazz. chim. Ital., 12, 372. 
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solution which, filtered while hot, deposits on cooling beauti- 
ful orange needles of silky lustre, recognized by their fusing 
point (154°-155°) to be lapachone. On the addition of 
hydrochloric acid the alkaline filtrate yields a precipitate, 
which, purified by recrystallization, was similarly found to 
be lapachone.” 

This statement is misleading. The facts are these: 
Lapachone dissolves with some difficulty in hot aqueous 
potash, but in so doing undergoes a change. A new com- 
pound, an acid, is formed, and this, and not lapachone, exists 
in the solution obtained. If hydrochloric acid, in very 
slight excess, be added to the cold alkaline solution, the 
new compound separates as a yellow oil, which gradually 
assumes a crystalline form. If, however, a larger quantity 
of hydrochloric acid be employed, the color of the turbid 
solution is seen gradually to change. The bright yellow 
gives place to orange, and finally red crystals of lapachone 
may be observed floating in the liquid. 

The new compound has, in fact, been reconverted, by the 
excess of hydrochloric acid employed, into lapachone. The 
experiment has been repeated a number of times, but the 
authors have not once observed the separation of crystals 
of lapachone from the alkaline solution as described by 
Paterno. 

The action of potash on lapachone is shown in ‘the 
following equation: : 


O 
MF art Cae gk as ae sg ee 


Lapachone. 


Chis 

C,H, CH, . CH(OH). C,H, 
OH 
Oxyhydrolapachic Acid. 


In order to prepare oxyhydrolapachic acid, eight grams 
of lapachone, four grams of caustic potash and I50 cc. of 
water are heated together. If the crystals of lapachone be 
large, they should be first powdered. As the lapachone is 

cg 
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dissolved, the color of the solution becomes very intense, 
being similar to that of the salts of lapachic acid. 

After boiling several minutes, the solution is filtered to 
remove any crystals which may have escaped the action of 
the potash, and an excess of acetic acid is then added. A 
yellow oil is immediately precipitated, which collects in the 
bottom of beaker, and then appears considerably darker 
than when first seen in a fine state of division. In the™ 
course of an hour or so, it solidifies to a yellow crystalline 
mass which, after some hours, may be separated and washed 
well with water. The acid, as thus obtained, though 
slightly colored at the surface, is in a very pure condition 
and can be rendered absolutely so by crystallization once or 
twice from alcohol,in which it dissolves very readily and 
from which it separates slowly in monosymmetric crystals. 
The yield is theoretical; eight grams of lapachone gave 8°4 
grams of the crude acid; that required by theory being 
8°59 grams. 

The following figures were obtained on analysis: 


(1) ‘1965 gram gave ‘4970 CO,and — H,O 
(LT) 4Q40+0,)"7 fe" ASegie CO cagA ee 
(1i}) r200%3,.% “2 +8900 OO), 27) 1100. ae 
Found. Calculated for 
7. I. Ty. CsoOs. 
Mee RW eo wae Gag 68°96 69°18 69°13 69°23 
Pi eri OR ee ee lest: is 61s oa 


Oxyhydrolapachic acid melts at 125°. It is readily 
soluble in most of the ordinary solvents, from which it 
crystallizes after standing some time; if, however, the 
solvent be allowed to evaporate rapidly, the acid is left as 
a yellow oil. Under ordinary conditions it is a perfectly 
stable body, which can be crystallized from acetic acid un- 
changed; but in contact with mineral acids, even when 
dilute, it is readily converted into its anhydride lapachone, 
which was identified by its fusing point and other properties, 
and by analysis. 

The barium salt is extremely characteristic, separating 
from a claret-colored solution in bright orange, silk-like 
needles, grouped together in wavy tufts. In order to pre- 
pare it, the acid was dissolved in a solution of baric hydrate, 
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from which the excess of barium was precipitated at the boil- 
ing temperature by means of carbon dioxide. The solution 
was then concentrated to the crystallizing point. As the 
evaporation proceeds, a film of the salt,in an amorphous 
condition, and of the same color as the solution, forms at the 
edge of the liquid, on the evaporating basin. The salt is 
much more soluble in hot than in cold water. After recrys- 
tallization, the orange needles gave the following figures on 


analysis: : 
(11 *2152 gram substance gave ‘0744 BaSQ,. 


(11) 2883 66 66 66 "0987 66 
(III) "2478 ‘6 “6 66 "0854 66 
Found. Calculated for ; 
'f LT, ITT, (CGi5/24504)oPa, FI,0. (C43 M%4504)oBa. 
Pa oer cent.),... 20°32 20°12 20°26 20°35 20°91 


The above figures were obtained from different prepara- 
tions, dried over sulphuric acid, and also at 110°. 

The salt evidently contains one molecule of water of 
crystallization, although the attempts to determine this by 
loss were unsuccessful. Heated to 110° for several hours, 
no change in weight occurred, and decomposition com- 
menced at somewhat higher temperatures. It was, however, 
observed that the orange crystals, when rubbed, became 
dark magenta-red, and analysis proved the altered salt, dried 
at *105°-110°, to be anhydrous. Under the microscope, it 
showed no definite structure, and when moistened with 
water it became immediately orange, at the same time 
swelling up and then passing into solution. On evapora- 
tion, the characteristic orange needles of the salt, as above 
described, were again obtained. 

The anhydrous salt was prepared for analysis by thor- 
oughly grinding the orange crystals, in small quantities at 
a time, in an agate mortar. The conversion was not easily 
accomplished, and it seemed as if a resinous substance were 
being dealt with. The ground substance was heated to 110° 


until constant in weight. 
(1) *3368 gram substance gave ‘1182 BaSO,. 


(11) °2834 66 a6 ‘6 “1002 66 
Found, Calculated for 
vB dd, (C5 /14504)oBa. 
ee a 20°63 p.c. 20°78 p.c. 20°91 p.c. 


The two determinations were made with different prepa- 
rations. 
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The calcium salt is entirely different from the barium 
salt just described. It separates from its solution on evapo- 
ration in small dark-red crystals, and is only very sparingly 
soluble in both hot and cold water. After drying over sul- 
phuric acid, it did not lose in weight when exposed for over 
an hour to a temperature of 105°-110°. Analysis shows it 


to be anhydrous. 
(I) *3113 gram gave ‘0808 CaSO, 


(11) "2594 66 © 66 "0635 66 
Found. Calculated for 
ee Lhe (C513 04)2Ca- 
LOM yea ue a oe TOR OG.) TiS we 7 IG D.C, 


The preparations analyzed were different. (I) was obtained 
by adding the theoretical quantity of calcium chloride to 
the slightly ammoniacal solution of the acid; on expelling 
the excess of ammonia by heat, the salt separated. (II) was 
prepared as above described for orange variety of the barium. 
salt. | 
The silver salt was obtained by precipitating a con- 
centrated neutral solution of the ammonium salt with the 
calculated quantity of silver nitrate. It separates in a 
semi-resinous condition, becoming granular after some time. 
It is decidedly soluble in water, also in dilute alcohol, from 
which it separates, on spontaneous evaporation, in small 
dark-red needles. The figures it gave on analysis lie 
between those required for C,,H,,O,A¢g ard C,H,O,Ag — 
H,O. It is probable, therefore, that the compound was not 
obtained in a pure condition. | 
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ON SOME DERIVATIVES oF LAPACHIC ACID. 


By SAMUEL C. HOOKER. 


[Xead before the Chemical Section, Franklin Institute, May 20, 1890.| 


Through the action of bromine on lapachic acid in acetic 
acid solution, Paterno* obtained a compound C,;H,,BrO,, 
which he regarded as bromlapachic acid, and in which he 
believed the bromine to have replaced the hydroxylic 
hydrogen of lapachic acid. He, therefore, assigned to it the 
formulat 

O 


oe 


In selecting this formula, Paterno was guided by the 
following reactions: 

(1) Lapachic acid dissolves readily in alkalies in the cold, 
_ but bromlapachic acid does not. 

' (2) The monacetyl derivative of lapachic acid yields on 
treatment with bromine bromlapachic acid. 

(3) On oxidation with nitric acid phthalic acid, not brom- 
phthalic acid, is formed. 

(4) Unlike lapachic acid, bromlapachic acid undergoes no 
changes in contact with concentrated sulphuric acid. 

In view of the light thrown on the formation of lapa- 
chone from lapachic acid by the author in conjunction with 
Dr. Wm. H. Greene,+ it seems probable that the action of 
bromine on lapachic acid takes place as indicated in the 


"ger. chim: iat, TZ, 353. 


7 It still remains an open question whether lapachic acid is derived from 
g- or §-napthaquinone. Paterno is occupied in solving this question. See 
also preceding paper. 


{This Journal, 128, 147. 
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following equations, and that the resulting compound is 
bromlapachone, and not bromlapachic acid. 
Be 
Cty < Chh== CH Cn Br, = 
OH 


O, 
CO ) cit — CHBr — C,H, = 
OH 
O; 
DME og CHBr — CH . C,H, + HBr 
This view was advanced by Hooker and Greene* about a 
year ago, without, however, being supported by direct 
experimental evidence. It was afterwards discussed by 
Paterno and Minunnit who, although admitting it had some 
strong points in its favor, did not appear to regard it on the. 
whole as probable. ; 
In order to distinguish between the formule 


Sj 

Cty < CH soli (are. (1) 
| OBr ; | . 

and 


O 
C,H, cht eg oy ae = (2) 

Ole 
the action of potash on the so-called bromlapachic acid 
has been studied, as it seemed probable that, if its 
constitution is correctly represented by the formula (1), 
lapachic acid would be again formed by the removal of the 
bromine. If, on the other hand, the compound is a deriva- 
tive of lapachone it should behave similarly to lapachone 
(see preceding paper) in contact with potash. 

The results obtained prove unmistakably that Paterno’s 
so-called monobromlapachic acid is in reality monobrom- 
lapachone. 

The action of dilute potash upon the compound at 


* This Journal, 128, 147. 
t Gazz. chim. Ital., 19, 623. 
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the boiling temperature is represented in the following 
equation: 


—s 


Bi tach ae 


O 
©. i, cia Oe 2 We oFLO) ax 
O 


Bromlapachone, 


O 
C,H, )ciKOH _CH (OH). C,H, + HBr 
OH 


Dioxyhydrolapachic Acid. 


If bromlapachone had the formula which Paterno assigns 
to it as bromlapachic acid, it should form an addition com- 
pound with bromine. The author has allowed it to remain 
for several days in contact with the theoretical quantity of 
bromine in chloroform solution, but has not observed the 
formation of any addition compound. Bromlapachone was 
recovered unchanged. 

In order to remove all doubts as to the mechanism of the 
reaction resulting in the formation of bromlapachone, the 
study of the action of bromine on lapachic acid in chloro- 
form solution has been undertaken in the hope of isolating 
the intermediate product 

O; 

Cit. CHBr—CHBr . C,H, 

OH 
In the course of this investigation no less than five com- 
pounds have been obtained by the action of one molecule 
of bromine on one molecule of lapachic acid. The study of 
these interesting bodies has had to be temporarily sus- 
pended, owing to dearth of material, but it is hoped that the 
work will be soon resumed and the results soon ready for 
publication. 
- By the action of dilute mineral acids upon dioxyhydro- 
lapachic acid it is converted with great ease into its anhy- 
dride, oxylapachone, as follows: 


O. 
Cyl, CH(OH). CH(OH). C,H, = 
OH 


O 
C,H, ch Gi. OH CBee 
ae 


phe nel 
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Further, just as oxyhydrolapachic acid results from the 
action of alkalies on lapachone, so dioxyhydrolapachic acid 
results from their action on oxylapachone. 


BROMLAPACHONE. 


In the course of some experiments, already referred 
to, it was observed that, under certain conditions, brom- 
lapachone (Paterno’s monobromlapachic acid) could be 
teadily obtained by the action of bromine on lapachic 
acid in chloroform solution. As the yield is much 
larger and the substance purer than when prepared in 
acetic acid solution, as described by Paterno, this method 
of preparation was employed. It will be described in detail 
when the compounds arising from the action of bromine on 
lapachic acid in chloroform solution are discussed. 

The bromlapachone was first carefully compared with 
that prepared as directed by Paterno, and in all particulars 
was found to be identical. A bromine estimation was made, 
with the following result: ) 


"2588 grm. substance gave ‘1502 AgBr. 


Calculated for 
' Found, C5 A43Br Og. 
Ny NU a ag 24°69 24°92 


Bromlapachone has been observed by Paterno to separate 
from its solution in alcohol in orange-red crystalline plates. 
While able to confirm this observation, the author has also 
obtained it, when in a pure form, crystallized in tufts of 
fine needles.. The conditions under which both varieties of 
crystals are formed may be stated generally as follows: 

From slightly impure alcoholic solutions bromlapa- 
chone separates in plates. The same is true whether the 
‘solution be allowed to remain at perfect rest, or be disturbed 
while crystallization is proceeding. 

From pure concentrated solutions bromlapachone can be 
readily obtained in plates by keeping the solution slightly 
in motion while the compound is crystallizing out. 

If the compound, crystallized in plates and still in contact 
with its saturated mother liquor, be allowed to stand one or 
more weeks, the plates will be gradually replaced by tufts 
of needles. This change is believed to occur only when the 
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compound is in a very pure condition. The observation 
was first accidentally made, and the experiment was then 
repeated several times. ; 

Pure solutions protected from dust and allowed to stand 
absolutely at rest frequently deposit the compound crystal- 
lized entirely in tufts of needles. 

By observing only partially the above conditions both 
varieties of crystals may often be obtained in some solution. 

The above remarks apply to all solutions of bromlapa- 
chone, whether obtained from needles or plates. 

The melting points of the two varieties of crystals differ 
only very slightly, if at all. That of the plates was found 
ho pe 135°°5; that of the needles, 138°. 

A combustion of the needles gave the following results: 


‘2399 grm. substance gave °4932 CO, and ‘0870 H.O. 


Calculated for 
Found, Cy A13Br Os 
TT ee 56'06 , 56°07 
ee PN Me eee, kG 4°02 4°04 


CONVERSION OF BROMLAPACHONE INTO DIOXYHYDROLAPA- 
Be 2 1 RED.“ Oe 8 F 


As the result of several experiments 1°5 grams of finely- 
powdered bromlapachone and 75 cc. of aone per cent. solu- 
tion of caustic potash were boiled together with an inverted 
condenser. The bromlapachone dissolved slowly to an 
intense carmine-red solution. At the end of fifteen minutes 
the boiling was discontinued and the solution filtered. Stray 
crystals of bromlapachone, which had escaped grinding and 
were consequently able to resist the action of the potash 
for a long time, were thus removed. It was observed that 
a small quantity of a green substance, formed by the action 
of the potash, was also retained on the filter paper.. A slight 
excess of acetic acid was added to the filtered solution when 
cold, resulting in the immediate formation of a precipitate 
in small quantity, consisting of a somewhat resinous brown 
substance. This was removed as quickly as possible by 
filtration through a folded paper of comparatively large 
size. The filtration must be promptly accomplished, other- 
wise the new acid will commence to crystallize out before 
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the separation of the brown impurity has been effected. 
In a very minutes after acidifying the acid commences to 
be deposited from the now orange-red solution in compact 
crystalline grains. The separation occurs slowly, the solu- 
tion becoming simultaneously lighter in color. In the | 
course of a yew hours the crystallization is complete and the 
compound can be filtered off, washed well with water and 
dried. The acid, as thus obtained, is almost pure: 1°5 
grams bromlapachone gave rather more than one gram of 
the new acid. It was twice recrystallized from ninety-five 
per cent. alcohol, in which it is not very soluble, and ana- 
lyzed. <A qualitative test showed that in spite of the 
diluteness of the potash solution used the bromine had 
been removed. ‘ | 
"1867 gram gave ‘4442 CO, + ‘o989 H,O. 


Calculated for 
Found. Cy5f24603. 
hiss ghee Ge tee ee 64°88 65°21 
iy re nn ae eal aie et 5°88 5°79 


Dioxyhydrolapachic acid melts at 181°-182°. Like brom- 
lapachone, it crystallizes from ninety-five per cent. alcohol 
in two apparently different forms. No special experiments 
were made to determine the conditions governing the 
formation of each variety of crystal and sometimes the one 
form, sometimes the other, would be obtained under appa- 
rently similar conditions. One modification (that analyzed) 
consists of small prismatic crystals, often grouped together 
in the form of compact stars; the other, of very fine long 
needles, crystallizing in tufts. 

This acid, like oxyhydrolapachie and lapachic acids, 
forms stable salts which are not decomposed by carbon 
dioxide. ‘The color of their solutions is similar to that of 
those of lapachic acid. The small amount of available 
material did not permit a more complete study of these 
salts. Dioxyhydrolapachic acid dissolves somewhat in 
water and is soluble in all ordinary solvents. 


CONVERSION OF DIOXYHYDROLAPACHIC ACID INTO 
OXYLAPACHONE. 


While dioxyhydrolapachic acid is perfectly stable under 
ordinary conditions and shows no inclination whatever to 
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pass into its anhydride, it forms oxylapachone with great 
readiness in contact with mineral acids. 

To a solution of 1°36 grams of the acid* in the smallest 
possible quantity of boiling 95 per cent. alcohol, 5 cc. of 
concentrated hydrochloric acid were added: the color of 
the solution changed to an intense orange-red. After boil- 
ing for one or two minutes the solution was diluted with 
water as long as a precipitate was produced. <A consider- 
able portion of the oxylapachone was thus precipitated in 
small orange-red needles. The filtrate, still orange in color,. 
was evaporated until a crust of crystals had formed on its 
surface. ‘They were separated from the solution when cool. 
Total yield, 1:15 grams. The substance was purified for 
analysis by recrystallization from dilute alcohol; it sepa- 
rated in red needles, fusing at 201°°5, and closely resembling 
lapachone in appearance. 


"2507 gram gave ‘6401 CO, + ‘1228 H,O. . 


Calculated for 
Found, C15 f74404. 
se 69°63 69°76 
a ee 5°44 5°42 


CONVERSION OF OXYLAPACHONE INTO DIOXYHYDROLAPACHIC 
ACID. 


Oxylapachone, like lapachone and bromlapachone, is. 
almost insoluble in alkalies in the cold; on boiling, however, — 
it readily passes into solution. ‘Thirty-five cc. of a one 
per cent. solution of caustic potash, and 1°35 grams oxy- 
lapachone, were heated for several minutes at the boiling 
point. The solution was then filtered, cooled and acidified 


-with acetic acid. Crystals commenced to form almost imme- 


diately, but the separation was not complete for some hours. 
After crystallization from alcohol the compound fused at. 
181°-182°, and in other respects was found to be identical with 
dioxyhydrolapachic acid, obtained as above-described from 
bromlapachone. The yield of the crude substance was. 


* The whole of the substance available after a few preliminary experi- 
ments had been made on a still smaller scale. 
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almost theoretical; 1°35 grams gave 1°36 grams of the acid, 
1°45 being required by theory. 


‘1834 gram gave ‘4390 CO, -++ ‘0958 H,O. 


(Calculated for 
: Found. (45/116035. 
iit et ia cal ep td TAR ae ae ee ec leant ah 65°21 
BO ea Oe a ee ee ee 3°80 5°79 


The following is a list of the acids and their anhydrides 
discussed in this and the preceding paper : 


Melting Melting 
Point. Aad, Anhydride. Point, 
‘ Oo 
"139° CoH. ; CH = CH — C3H 
toh OH giz 
Lapachic Acid. 
+ O, Og 
CyoH, <« CH,—CH(@H) — C3H, ‘Cy Hy, < CH, — CH.C3H, 155-6° 
125° OH ig Ed 
Oxyhydrolapachic Acid. Lapachone. 
§ ‘Qo ; ( Og 
181-29 CipH, < CH(@H).CH(OH).C3H, Cio, < CH(OH).CH.C3,H, 201° 
( OH i O 7 
Dioxyhydrolapachic Acid. Oxylapachone, 
Oz 
Unknown. GidH - baad — CH.C;H, 138° 
“wroilapadhone. 


The acids are bright yellow in color, the anhydrides are 
orange or red. This distinction in color extends to other 
lapachic acid and lapachone derivatives which the author 
has obtained, but which have not yet been sufficiently 
studied to justify their introduction here. a 


Chem. Sec.} Flooker, 125 


NOTE on THE COMPOUND OF PYRROL witH PICRIC 
+ O88 Be 


By SAMUEL C. HOOKER. 


[Read before the Chemical Section, February 18, 1590 |. - 


In a short paper, devoted to some similar reactions of 
earbazol and pyrrol,* the author described, nearly two years 
ago, a compound which he had obtained from pyrrol and 
picric acid, fusing at about 71° and crystallizing in long red 
needles. The method of formation, as well as the proper- 
ties of this compound, justified the assumption that it was 
an addition-product similar to the picric acid compounds of 
indol and carbazol. 2 , 

Owing to the great instability of the compound, its 
analysis promised considerable difficulty, and was conse- 
quently deferred until the required leisure would make it 
possible to devote to it the necessary time and care. 

By following the directions here given, no difficulty will 
be found in preparing the compound in a pure form: 
Freshly-distilled pyrrol is added to a small quantity of 
picric acid, in quantity a little more than may be necessary to 
cover it. As soon as the pyrrol comes in contact with the 
acid, the latter becomes intensely red. The temperature, 
which must at no time exceed 58°, is then gradually raised 
until the picric acid is completely dissolved. The heating 
- must not be continued longer than is actually necessary for 
the picric acid to pass into solution. A short time after the 
temperature has fallen the compound separates in red 
needles, some long, others short and broad. 

If a sufficient quantity of pyrrol be used in proportion to 
the picric acid and care be taken to heat as short a time as 
possible, the crystals are very easily freed from the mother 
liquor by pressure between filter paper. If, on the other 
hand, these points are not attended to, the mother liquor is 


* This Journal, 127, 63. 
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s) thick and sticky that simple pressure does not suffice to 
leave the crystals in a pure condition. : 

To prepare the substance for analysis the mother liquor 
was drained off and the crystals were then rapidly and re- 
peatedly pressed between porous paper until the paper was 
scarcely, or not at all,stained. The substance was then placed 
between wellL-fitting watch-glasses and immediately weighed. 
As soon as the crystals are dry, they commence to decom- 
pose, giving off pyrrol; they were, therefore, simply exposed 
to the air after the first weighing and then weighed again 
until the weight remained constant. The loss in weight 
represented the pyrrol given off, the residue consisted of 
picric acid. 

(1) *3230 gram lost ‘0740 gram. 


(II) "5350 66 66 “1210 66 
(III) "4460 66 6 “IONS 66 
Found, Calculated for 
7 i, III. CyH3N,CeH3N307 
POCIG, oe: are ae 22) 22OF e278 22°63 
Picric BO ele pe ee fae 49'°OO “FP 30-77 25 a7 °S9 


That pyrrol was really given off from the crystal was 
ascertained by holding a pine splinter, moistened with hydro- 
chloric acid, in the neighborhood of crystals’ which had been 
exposed for two or three hours (presumed to have been 
sufficiently long to have allowed all possible traces of pyrrol 
simply adhering to the crystals to have escaped); the 
characteristic reaction was obtained. 

The residue was of a very pale yellow color, and fused, at 
the same time darkening, at about 120°. It dissolved almost 
entirely in water, leaving a minute quantity of a dark resin. 
Crystallized once from water it fused* at 120°-121°. The 
properties of the residue—its fusing point, the intense color 
and intensely bitter taste of its solution, its crystalline 
habits, etc.—corresponded exactly with those of picric acid. 

Alcoholic solutions of pyrrol and picric acid deposit 
red crystals of the addition compound on spontaneous 
evaporation. The same is true of a chloroform solution. 
The combination does not appear to take place when benzol 


* The fusing point of picric acid is 122°°5. 


* 
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is the solvent employed.* Considering the very unstable 
nature of the pyrrol compound, it is not difficult to under- 
stand how the slight affinity, which exists between pyrrol and 
picrie acid, may be overcome in the presence of relatively 
large quantities of benzol which itself forms an unstable 
compound with picric acid. 


REPORT or THE CHEMICAL SECTION oF THE: 
FRANKLIN INSTITUTE For THE 
YEAR 18g0. 


Mr. Joseph M. Wilson, president Franklin Institute. 


Sir :—I have the honor to submit the following report of the proceedings 
of the Chemical Section, for the year 1890. 

The progress of the section during the year has been highly gratifying to 
its members, and while the report for 1889 showed for that period a condition 
of prosperity unprecedented in the history of the section, it is none the less 
true that the past year has entirely fulfilled the sanguine expectations of its 


_members and all others interested in its progress and welfare. 


The work of the section was prosecuted with the aid of the following 
officers : 


eg A aac 8 gee Uae: et iat a Mr. T. C. PALMER. 
Vice- presidents, ie a a) ow) ee | Payee Ta ans a 
Mr. W. L. ROWLAND. 
eee fete wae the Dr. Wo. C. Day. 
ee ee? Dr. H. W. JAYNE. 


TN be ee Dr. WM. H. WAHL. 


Stated meetings were held, as required by the by-laws of the section, on 
the third Tuesday of each month of the year, excepting July and August. 

Membershif.—The number of members according to the treasurer’s books, 
at the beginning of the year, was seventy-one; the number at present enrolled 
is seventy-two, three new members having been elected, while two have 
resigned. 


*M. Dennstedt, Ber. d. chem. Ges., 21, 34, 31. 
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Finances.—The report of .the treasurer, submitted to the 
section at its last meeting, shows total receipts from 


various sources during the year amounting to .. . . $138 oo 
Cash on hahdat beginning of the year, ..4,°. 0. © 6 gI 50 
he ————. $229 50 
PRGburseihvents amounted (65/0 ee a | 132 17 
thus leaving acash balanceof...... a $97 33 


in the hands of the treasurer at the end of ddie3 year. 


Attendance at meetings.—The meetings have been well attended by the 
members, and in almost every case the presence of a number of visitors has 
served to indicate the interest taken in the section by its outside friends. 

Journals received by the section.—Early in the year the library com- 
mittee authorized the purchase for the section of a complete set of Lzebig’s 
Annalen from 1832 to 1886. Subscription for this journal, beginning with 
1887, was made by the section; this periodical, so essential as an auxiliary 
to scientific investigation, is therefore now complete. __ 

Owing to the very satisfactory condition of the section’s treasury, it has 
been found practicable during the year to add to the list of journals previously 
taken by the section the following, which are at present regularly received, 
viz: Chemisches Centralblatt, Liebig’s Annalen der Chemie, Zettschrift fiir 
phystologische Chemie, Zeitschrift fir Krystalographie, Tschermak’s minerat- 
ogische Mitthetlungen, Bulletin de la Société Chimique, Gazzetta Chimica 
Italiana. “on ze 

That the influence of the chemical section is making itself felt not only in 
Philadelphia and neighboring cities, but throughout the country, follows from 
the expressions of interest which in one way or another have frequently 
come to the notice of its members. Papers from writers in distant cities have 
been forwarded for consideration by the section and subsequent publication 
in the Journal. : : 

Applications for pecs ohio from persons at a distance have also been 

made. 
In view of these facts, the section has, at a recent meeting: appointed a 
committee for the purpose of considering means by which the attention of 
chemists at large may be called to the facilities for prompt publication which 
the institute possesses. 

During the year sixteen important papers, giving the results of original 
investigation, have been read before the section. Nine communications 
of a miscellaneous character have been presented; thus making in all 
twenty-five matters of scientific interest which have occupied the attention of 
the section. Very respectfully submitted, 

' Wo. C, Day, 
Secretary. 
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